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SYNOPSIS 
The mechanical properties, including fatigue resistance, of a series of normal and lead-bearing carbon and 
alloy steels produced from the same melt, in various conditions of heat-treatment, are determined in both 
longitudinal and transverse directions. The effect of lead additions on machining properties is measured in 
turning, sawing, and drilling tests. The effect of additions of different sized lead shot is examined. 


Introduction 


LTHOUGH a considerable amount of data has been 
published on the effects of lead on the mechanical 
~"~ properties and machinability of plain carbon steels 
there is, at the present time, very little information 
concerning the effect of lead additions to alloy steels. 
A review of the information available at that time 
was given in an article in Metallurgia, which refers to 
some data published by Nead, Sims, and Harder,? for 
several low-alloy steels, including 33% Ni, 14°% Ni-Cr, 
13% Ni-Cr-Mo, 2% Cr, 0:9% Cr-V, 1% Cu, and 
13% Mn steels. The properties of the steels with a 
carbon content in the region of 0-15-0-20% were 
only determined on material either normalized or cold- 
drawn 7%, in which conditions the additions of lead 
were shown to cause little or no deterioration in the 
mechanical properties as regards ductility and impact 
values. The machinability tests were confined to the 
determination of sawing times and to a drilling test in 
which the time to penetrate 1 in. under standard 
conditions was determined, as was also the rate of 
dulling of the drill. In addition to the low-carbon 
steels some steels with carbon in the region of 
0-4-0-5°% were examined in the annealed and in the 
oil-hardened and tempered conditions. The mechani- 
cal properties of these also were not appreciably 
affected by the lead additions, even in steel treated 
to approximately 75 tons/sq. in. tensile strength. In 
all the steels the machinability was shown to increase 
with additions of lead. 

Wragge* reported the results of machining tests 
on leaded and non-leaded Mn—Mo steel (oil-hardened, 
tempered to 62 tons/sq. in. tensile strength) and of 
mechanical and machining tests on an austenitic 18/8 
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steel with and without lead. The machining tests 
were plain turning, in which horse-power consumed 
per cubic inch per minute, and tool pressures, were 
measured. It was not clear, however, whether these 
steels were strictly comparative in regard to com- 
position and heat-treatment. In ascertaining the 
effect of lead on both the mechanical properties and 
the machinability, it is most important to ensure 
that the two steels (with and without lead) are com- 
parable in all other respects, particularly in their 
sulphur and phosphorus contents and in the de-oxida- 
tion technique employed in their manufacture. 
Swinden! has given a most comprehensive survey 
of the effects of lead additions to a steel containing 
0-36% of carbon, 1-43°% of manganese, and 0:43°, 
of molybdenum, i.e., of the En 16 type. The samples 
examined were from the same melt and, in general, 
similar mechanical properties were obtained with the 
leaded and non-leaded steels, except for reduced 
ductility and impact values of the leaded steels when 
tested at elevated temperatures. When treated to 
65 tons/sq. in. tensile strength, the fatigue strength 
(rotary bending) and notch sensitivity of the two steels 
were similar, but when treated to 55 tons/sq. in. 
tensile strength, the non-leaded steel had a higher 
fatigue ratio (rotary bending) and slightly greater 
notch sensitivity than the leaded steel. The fatigue 
ratio (direct stress) in the non-leaded steel when 
treated to 65 tons/sq. in. was slightly higher than 
in the leaded steel, and was slightly lower when treated 
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SYNOPSIS 
The mechanical properties, including fatigue resistance, of a series of normal and lead-bearing carbon and 
alloy steels produced from the same melt, in various conditions of heat-treatment, are determined in both 
longitudinal and transverse directions. The effect of lead additions on machining properties is measured in 
turning, sawing, and drilling tests. The effect of additions of different sized lead shot is examined. 


Introduction 

LTHOUGH a considerable amount of data has been 
published on the effects of lead on the mechanical 
~"~ properties and machinability of plain carbon steels 
there is, at the present time, very little information 
concerning the effect of lead additions to alloy steels. 
A review of the information available at that time 
was given in an article in Vetallurgia, which refers to 
some data published by Nead, Sims, and Harder,? for 
several low-alloy steels, including 34°% Ni, 14°% Ni-Cr, 
13% Ni-Cr—-Mo, ?% Cr, 0:9% Cr-V, 1% Cu, and 
13° Mn steels. The properties of the steels with a 
carbon content in the region of 0-15-0:20% were 
only determined on material either normalized or cold- 
drawn 7%, in which conditions the additions of lead 
were shown to cause little or no deterioration in the 
mechanical properties as regards ductility and impact 
values. The machinability tests were confined to the 
determination of sawing times and to a drilling test in 
which the time to penetrate 1 in. under standard 
conditions was determined, as was also the rate of 
dulling of the drill. In addition to the low-carbon 
steels some steels with carbon in the region of 
0-4-0:5°% were examined in the annealed and in the 
oil-hardened and tempered conditions. The mechani- 
cal properties of these also were not appreciably 
affected by the lead additions, even in steel treated 
to approximately 75 tons/sq. in. tensile strength. In 
all the steels the machinability was shown to increase 
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steel with and without lead. The machining tests 
were plain turning, in which horse-power consumed 
per cubic inch per minute, and tool pressures, were 
measured. It was not clear, however, whether these 
steels were strictly comparative in regard to com- 
position and heat-treatment. In ascertaining the 
effect of lead on both the mechanical properties and 
the machinability, it is most important to ensure 
that the two steels (with and without lead) are com- 
parable in all other respects, particularly in their 
sulphur and phosphorus contents and in the de-oxida- 
tion technique employed in their manufacture. 
Swinden! has given a most comprehensive survey 
of the effects of lead additions to a steel containing 
0-36% of carbon, 1-43°% of manganese, and 0-43°, 
of molybdenum, i.e., of the En 16 type. The samples 
examined were from the same melt and, in general, 
similar mechanical properties were obtained with the 
leaded and non-leaded steels, except for reduced 
ductility and impact values of the leaded steels when 
tested at elevated temperatures. When treated to 
65 tons/sq. in. tensile strength, the fatigue strength 
(rotary bending) and notch sensitivity of the two steels 
were similar, but when treated to 55 tons/sq. in. 
tensile strength, the non-leaded steel had a higher 
fatigue ratio (rotary bending) and slightly greater 
notch sensitivity than the leaded steel. The fatigue 
ratio (direct stress) in the non-leaded steel when 
treated to 65 tons/sq. in. was slightly higher than 
in the leaded steel, and was slightly lower when treated 
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to 55 tons/sq. in.. The machining tests were carried 
out in a standard Losenhausen machine and showed 
a 38% superiority in machinability of the leaded 
steels. 

In 1943, Schrader® published the results of an 
investigation into the influence of lead additions 
of 0-1-0-:5% on the machinability, mechanical 
properties, and other aspects of a large variety of 
steels. The work reported was carried out four years 
earlier, but publication was withheld because of the 
difficult position of lead supply at that time. The 
materials tested included low-carbon steels, 1% 
carbon tool steel, low-alloy case-hardening steels of 
the 14% Cr-Mo and the 2% Ni-Cr—Mo types, 9% 
W-3% Cr hot-working steel, 11% W high-speed steel, 
15% Cr-15% Ni valve steel, 12% Mn steel, and an 
18% Mn-1-2% Cr non-magnetic steel. Machinability 
was determined by tool-wear turning tests on normal 
and leaded varieties of each of these types of steel, 
using the method described by Opitz and Printz.® 
In all cases tool wear increased more rapidly when 
machining the lead-free steel. 

From a determination of tool life in turning tests 
on normal and leaded varieties of low-carbon steel, 
13% Mn steel, and 18% Mn-1-2% Cr steel, Schrader 
found that for a tool life of 60 min. the lead addition 
permitted an increase in cutting speed of 8-9%. 
Further examination of the case-hardening steels 
showed that the lead addition had no harmful effects 
on the longitudinal and transverse tensile and notched- 
bar impact properties of the carbon steel in the forged 
condition, nor on its longitudinal tensile, impact, and 
plain and notched-bar reversed-bend fatigue resis- 
tance in the normalized condition. Similarly, the 
core properties (tensile and impact) of carburized and 
hardened samples of the two alloy case-hardening 
steels in the 130 kg./sq. mm. (82 tons/sq. in.) tensile 
condition were unaffected by the presence of lead. 


The transverse ductility of a leaded as-forged free- 
machining mild steel was somewhat lower than that 
of its lead-free counterpart, though no difference was 
observed in impact values. 

Examination of the austenitic valve steel at room 
temperature and at 600°, 700°, and 800°C. showed 
that the tensile properties of the normal and leaded 
samples at these temperatures were indistinguishable. 
The hardening and tempering characteristics of the 
9% W-3% Cr hot-working steel, and the 11% W high- 
speed steel were not altered when lead was added. In 
addition, turning tests at various speeds on Cr-Ni 
steel in the 100 kg./sq. mm. (64 tons/sq. in.) tensile 
condition showed that the leaded high-speed steel had 
a tool life equal to that of the normal lead-free steel 
with which it was compared. Improvements in mach- 
ining quality involved no sacrifice in the cutting 
capacity of this tool steel. 

A final point of interest was Schrader’s demonstra- 
tion that the coefficient of friction between normalized 
leaded low-carbon steel and hardened high-speed steel, 
over a wide range of sliding speeds, was lower than 
that for the corresponding lead-free carbon steel, under 
the same conditions. The method employed was that 
described by Kehl and Siebel,’ using small cylindrical 
test-pieces cooled by a stream of compressed air. At 
low sliding speeds the coefficients had similar high 
values, at high speeds they had similar low values, 
and at intermediate speeds they showed maximum 
differences. From these results it may be reasonably 
inferred that at certain speeds less frictional resist- 
ance between chip and tool might be encountered 
during the dry machining of leaded steels than with 
the corresponding lead-free steels. 


PRESENT INVESTIGATION 


The work of the foregoing investigators provides 
ample demonstration that small additions of lead 














Table I 
COMPOSITION OF TEST STEELS 
Steel Type Cc, Si, Mn, S, P Ni, Cr, Mo, Pb, 
0-1%, C, En32| 0-10 0-20 0-73 0.027 0-015 0-27 0.23 0-04... 
0-10 0-19 0-73 0-027 0-015 0-29 0-19 0.04 0-17 
2% Ni-Mo, En34| 0-15 0-20 0-51 0-016 0-014 1-90 0-19 0-23 
Bi 0-15 0-20 0-51 0-016 0-014 1-88 0-17 0-23 0-16 
hardening 310 Ni-Cr, En36| 0-14 0-22 0-49 0-029 0-009 3-46 0.98 0-13 
0-13 0-22 0-49 0-026 0.009 3-45 0.99 0-13 0-17 
44% Ni-Cr, En39| 0-15 0-18 0-40 0-020 0.013 4.38 1-30 0-17... 
0-16 0-18 0-39 0.015 0-011 4.33 1-24 0-16 0-20 
Mn-Mo, En16| 0-33 0-26 1-67 0-023 0.012 ... 0.07 0-31... 
0-33 0-27 1-66 0-022 0-013 .. 0.06 0.30 0-20 
Higher 14% Ni-Cr-Mo, En24| 0-38 0-24 0-69 0-012 0-016 1-48 1-04 0.29... 
carbon alloy 0-38 0-24 0-69 0-012 0-016 1-48 1.04 0.29 0-16 
44% Ni-Cr, En30| 0-32 0-26 0-44 0-009 0-011 4-40 1-31 0-15... 
0-32 0-26 0-44 0-012 0-011 4.37 1-29 0-15 0-28 
Ball race 1% C-Cr, En31| 0-96 0-21 0-32 0-018 0-014 0-31 1-29 0.04... 
0-96 0-21 0-33 0-016 0-014 0.33 1-29 0.04 0-15 
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ON THE PROPERTIES OF SOME ALLOY STEELS 


promote easier machining in a large variety of steels. 
Considerable evidence is also adduced to show that 
mechanical properties, including fatigue resistance, 
are, in general, not seriously affected. Since, however, 
the test properties nearly all refer to tests in the longi- 
tudinal direction, in the present work the mechanical 
properties, including fatigue resistance, of a series of 
normal and lead-bearing carbon and alloy steels 
produced from the same melt, in various conditions 
of heat-treatment, were determined in both longi- 
tudinal and transverse directions of testing. The 
effect of lead on machining properties was measured 
in turning, sawing, and drilling tests. 

Machining tests were made on bars, usually of 2}-in. 
dia., from steel ingots of basic electric-are furnace 
quality, melted in 25-ton are furnaces, and rolled in 
the normal manner. The ingots from which the bars 
were prepared were bottom-run in groups of 2, 3, or 4, 
a measured amount of fine lead shot being run in at 
the top of the casting trumpet, at a predetermined 
rate, so that the addition was completed by the time 
the metal reached the top of the mould. Each ingot 
mould was covered by a fume extractor to carry off 
the lead vapour. Ingots of leaded steel were made 
in sizes varying from 15 to 27 cwt. Lead recovery 
ranged from 75 to 85%, of the amount added. Part of 
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each melt of steel was cast with, and part without, 
lead addition. 

The various steels examined comprised carbon and 
alloy case-hardening steels of the 2%, Ni-Mo, 34% 
Ni-Cr, and 44% Ni-Cr types, and 1% C-Cr, Mn-Mo, 
13% Ni-Cr—Mo, and 4}°, Ni-Cr steels. The com- 
positions of these materials are given in Table I. 


MACHINING TESTS 


In the main, the machining trials were conducted 
on the different materials in the condition in which 


they are normally supplied for machining. Turning 
and drilling tests were simple tool-life tests. In the 


former, machinability was measured by the volume 
of metal removed before failure of the tool; in the 
latter, by the number of holes of given depth which 
could be drilled in the test sample before the drill 
failed. The end-point was shown (a) in turning tests, 
by the appearance of the workpiece and form of the 
turnings, the rising pitch of a characteristic whine, 
and an obvious increasing development of heat, and 
(5) in drilling tests, by vibration and a jarring sound 
as the automatic feed endeavoured to force penetra- 
tion of the drill against rising end-pressure caused 
by deterioration in the cutting ability of the drill. 






























































Table II 
MACHINABILITY TESTS ON CASE-HARDENING STEELS 
Material Turning Drilling Sawing 
| Amount Removed No. of Holes Time to Saw 
Before Tool Drilled Before Through 1-in. 
Speed Failure, cu. in. | prit — Speed, | Feed, | Tool Failure dia. Bar, sec. 
Type | Condition ft./min Dia.,| poles, | Tevs: in. 
: : in. og a min. min. 
| Normal | Leaded , | Normal | Leaded | Normal) Leaded 
| Steel Steel | Steel Steel Steel Steel 
| 
0-1%, C, En32 | As-rolled ‘320 4:8 12-1* , ? 1550 11-5 | 41 153 85 
| 30 tons U.T.S.) 1700 13 6 
1700 «13—sSY| r 100* 
2000 15 | 25* 
| 2500 18 _ 23 
2°,, Ni-Mo, En 34 Normalized 190 16-3 31-6 3 1400 10 24 | 140 90 
35 tons U.T.S.) 1700 13 2 
{ “1400 10 rf §0* 
1700 «613s; 50* 
{ _1800 14 47 
2000 15 36 
34%, Ni-Cr, En36 As-rolled 100 17:8 62:1 } 1000 7 42* 124 88 
(53 tons U.T.S.) 1100 8 14 
1200 9 4 
1100 8 100* 
1300 10 36 
4}°,, Ni-Cr-Mo, En 39} Softened 650° C. 200 12 12:7 } 4 950 6 15 128 82 
(49 tons U.T.S.) 1000 7 3 200* 
| 1400 10 100* 
| ( 1700 13 50* 
| } 1850 14 j 50* 
42000 15 50* 
(2150 16 | 21 
* Denotes that the tool was still cutting 
Turning Tests: Feed, 0-0096 in.; depth of cut, 44 in.; high-speed steel (18% W, 10% Co) roughing tool, section 1 in. } in., 


approach angle 15°, trail angle 10°, nose radius = 
back rake 8°. No coolant. 


Drilling Tests: Coolant soluble oil and water. 


in., front clearance 6°, side clearance 6°, top side rake 10°, top 


High-speed steel (18% W, 4% Cr, 1% V) tools. 


Results of a test made in stages, using a single drill without re-sharpening. Test conditions were stepped up to thos 
of the next stage after drilling the number of holes recorded. 


Sawing Tests: 


JULY, 1950 


Sawing times given are the average times for 5 cuts with one blade. 
C steel) were used at a speed of 70 ft./min. and a load of 18 Ib. 


Bandsaws gin. x 21 gauge x 10 T.P.I. (1:2% 
No coolant. 
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Experience proved that these signs could be accepted 
as reliable evidence of imminent tool collapse, and the 
use of this combination of audible and visual evidence 
as an indication of end-point gave consistent results 
in repeated tests. Sawing properties were indicated 
by the average time required to saw 5 cuts through a 
l-in. dia. bar of the test material, using a standard 
type of bandsaw of known cutting ability, under 
standard conditions of load and speed. The con- 
ditions observed in the various tests are given at the 


Evaluation of these tests in relation to actual 
workshop conditions is not easy, since the results 
are governed by many factors, e.g., tool shape, 
feed, depth of cut, speed, and lubricant. Improved 
machinability may be utilized either by taking advant- 
age of the increase of speed permissible for the same 
interval between grinds of the tool, or by increasing 
the time between grinds when keeping the cutting 
conditions the same. Some guide, however, to the 
relationship between various factors is given by the 


foot of Tables II and III, which contain the results expression : 
of the machining tests. K, x Ky 


The machining trials were essentially short-time S=-a739 xf 
tests, intended to show how the machining qualities yore 
of different steels were affected by the small addition 7 : ; , 
; S = cutting speed, ft./min. 


of lead, and were carried out under obviously severe K, = constant called the ‘ machinability index ’ 
machining conditions, involving high peripheral K, = constant dependent on tool geometry and 
speeds in turning, and high rates of feeds in drilling. 


In general, they showed that the machinability in cutting operation 


t = chip thickness, in. 






























































the three types of cutting is appreciably improved by 1 = chip width, in. 
small additions of lead to the steel. T = tool life. 
Table III 
MACHINABILITY TESTS ON HIGHER CARBON ALLOY STEELS 
Material Turning Drilling Sawing 
Amount Removed | No. of Holes Time to Saw 
Before Tool | Drilled Before Through 1-in. 
bicene Failure, cu. in. Drill —" Speed, |Feed,| Tool Failure Dia. Bar, sec. 
Type Condition ser | Dia., revs./ | in./ 
yP ft. sai | ‘ng —" wth, lantn.| 
Normal Leaded - | Normal Leaded | Normal Leaded 
Steel Steel Steel Steel Steel Steel 
| 
| 
Mn-Mo, En 16 O.H. and T. 200 1-3 1-5 } 53 1000 6 50* 123 79 
(55 tons U.T.S.) 4 1075 6°5 13 
1000 6 50* 
1150 7 50* 
1300 8 | 50* 
1300 9 50* 
1300 10 50* 
1400 11 | 9 
| = 
Ht Ft Gt Ht Ft Gt Ht F+ Gt 
1}°% Ni-Cr-Mo, En 24| O.H. and T. 100 2:9 12-1 9-7 } 38 900 4:5 21 121 84 96 
(70 tons U.T.S.) 80 10:4 40-5 31-9 900 5 8 
950 4°5 26 
1000 5 11 
1250 6 0 
1250 8 112 122 
13009 89 85 
4}% Ni-Cr, En30 Softened 650° C. 140 63 29-7* aS 3 800 5 3 198 90 
(59 tons U.T.S.) 800 5 50* 
1400 10 26 
A.H. 820° C. and 80 (6:5 6°5 
T. 200° C. 100 } 6-2 }6-2 
(115 tons U.T.S.) 120 95-7 15-7 
140 (5-3 5:3 
160 4-9 
180 4:3 
Carbide Tools 
1% C-Cr, En31 Spheroidized- 150 17-5 47-7 Ag 3 950 6 37 87 219 154 
annealed 
(43 tons U.T.S.) 




















* Denotes that the tool was still cutting + For explanation of steels 7, F, and G, see page 263 


Results of a test made in stages using a single tool without re-sharpening. Test conditions were stepped up to those 
of the next stage after machining to the extent indicated. 

rurning Tests: Conditions as for case-hardening steels, except for the tests with carbide tools on the 4}% Ni-Cr steel, which were made 
in stages as shown without re-sharpening the tool, the feed being 0-0192 in. and depth of cut ;45 in. The tool was a 
Firth-Brown Mitia Grade TA, shape 818 carbide tool, approach angle 35°, trail angle 39°, front and side clearance 
6°, radius .; in., top back rake 0°, top side rake 3°. 


Drilling Tests: Remarks as for case-hardening steels. 
Sawing Tests: Remarks as for case-hardening steels. 
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ON THE PROPERTIES OF SOME ALLOY STEELS 


For normal conditions it appears that x = 0-66, 


y = 2-3, and z= 0-1. 


value of z and with other factors 


With this 

constant, then 
K,« ST 

Therefore, variations in tool life of 2:1, 4:1, and 
6:1, under constant speed, correspond approximately 
to a permissible 7, 15, and 20° increase in speed 
respectively, for the same tool life. 

The sawing tests give a direct indication of the 
improvement in cutting time required for sawing 
leaded steels. They do not give any indication of 
the life of the saw. The authors found, however, that 
the life of the saw is enhanced when using leaded steel 
in a manner similar to that for plain turning opera- 
tions. The improvement in sawing time shown in 
our tests, of from 30 to 100%, is of an order similar 
to that reported by Wragge on a 0-15% C-1-1% 
Mn steel, for which an improvement in machinability 
of from 55 to 65% is claimed by the addition of 0-2° 
of lead. 

The results of the turning tests show, apart from 
two exceptions, improvements in tool life of between 
2: land6: 1 asa result of lead additions, correspond- 
ing to improvements in ‘ machinability index’ of 
from 7 to 20%. These are somewhat less than those 
reported by other methods (26 to 38%).8 
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Certain common features were noticed in these 
trials. In turning tests, lead-bearing steels tended 
to form turnings which separated as short brittle 
chips or as tight spirals, which were in marked 
contrast to the long tough turnings obtained 
from lead-free materials. Less heat was generated, 
and failure occurred, followed by more gradual 
wear, with less pronounced cratering. Although the 
lead-bearing En 16 Mn-—Mo steel did not show the 
same marked advantage in turning as did the other 
leaded steels, its turning formation differed sharply 
from that of its lead-free comparison steel in the 
manner described above. Low figures were obtained 
for the En 16 Mn-Mo steel, because of the high speed 
at which the test had to be carried out. 

Shorter and more brittle chips were a characteristic 
feature of the drilling tests on leaded steels, and the 
extraordinary increase in machinability, as judged by 
the drilling tests, is most probably accounted for by 
the ease with which the chips readily avoided the 
cutting edge and travelled up the flutes 


MECHANICAL PROPERTIES 
The results of tensile, izod, and fatigue tests are 
reported in Tables IV and VI, which show also the 
dimensions of the parallel portion of the tensile test 


Table [Va 


LONGITUDINAL TESTS 


























MECHANICAL PROPERTIES OF CASE-HARDENING STEELS. 
| 
| Limit Peeet at | | | 
| of roof Stress, | mes } 
chine it } | Fatigue | 
| ns Propor- tons/sq. in. Max. | mm i | ae 
Material Condition Type _ tion- | Stress,| El., | in A.,| Izod, | — —— 
? ality, | tons; | ° re ft.lb. baggrs | 
| tons/ sq. in. | creat 
| sq. in. |0-05°%, |0-10% | 0-50% | | 
| } 
01%, C, En32 | As-rolled* | Normal | 0-423 13:4 16-4 17-2 18:7 29-8 40:5 69 119 119, 
ig-in. G bar | 119 
Leaded 3 17-5 28:3 42 67-5 119, 119, 
119 
W.Q.890 C.and | Normal] 0-564 56 149 165 19-7 352 39 68 78,84,79| 21:7 0-615 
W.Q. 770° C.+ Leaded 9 Ke i 14-7 16-6 19-9 35-2 38-5 67 84,78, 70 21-4 0-610 
2°., Ni-Mo, En| Normalized* Normal | 0-423 6:7 16-6 18-8 22-9 35:7 32 63-5 88,77,81| 
34 Leaded ns 6-25 15-4 17-6 21-9 34:9 35°5 64:5 70,92, 96 
2}-in. dia. bar} O.Q. 870° C. and Normal 99 6°8 18-8 21-5 28-4 44:2 28-5 55 74, 80, 74 724-2 0-55 
0.Q. 770° C.+ Leaded * §:7 16:1 20:6 28-6 43-9 35 62 75, 69, 69 £22:7 0:52 
Carburized Normal ” |} +42-2 
6 hr. 910 C. Leaded * -38°5 
O.Q. 870 C. | 
and O.Q. 770 Ct] 
| | 
34°, Ni-Cr, En | As-rolled* Normal | 0-564 21-0 32-8 36-2 43-8 52-6 20 57 32, 28, 30 | 
36 Leaded 9 12:0 26-0 30:0 37-6 54:8 20 44:5 46,48,48 | 
2!-in. dia. bar} O.Q. 870° C. and | Normal 5 9-6 23-3 30-2 47-0 64-2 24°5 57-5 54,52,52 31:5 0-49 
0.Q. 770° C.+ Leaded ne 15-1 27°5 33:3 50-4 65:4 23-5 56 46,46,42| +32°5 0:49 
Carburized Normal 99 49:0 
4 hr. 910° C. Leaded ” | 44-25 
0.Q. 870° C. | 
and O.Q.770 C.t{ 
41°, Ni-Cr-Mo,| Softened 650° C.* | Normal | 0-564 24:0 34-5 37-0 40:0 49-2 26 66 115, 114, | 
in 39 116 
Leaded 9 22:0 34-0 36:2 40-0 49-0 25 6l 89, 95,91 
2!-in. dia. bar} O.Q. 870° C., Normal * 40-0 60-0 67°5 80:5 89-6 18 58 38,40,40| +440 0:49 
0.Q.770 C., Leaded 99 38-0 59-5 66:0 80-0 89-0 17.5 53 38, 35,35 430 0.48 
and T. 175° C.# | 
Carburized Normal ¥ | +44-5 
4 hr. 910°C. Leaded 99 | +41-0 
0.Q. 870° C., } 
0.Q. 770° C., | 
and T. 175° C.; } 
| 
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pieces. Elongation values were determined on a gauge 
length of 4\/.A, except where otherwise stated. 

The notched-bar fatigue tests on the En 24 steel 
were made on our standard specimen for this type of 
test, viz., with a root diameter of 0-4 in., V-notch 
0-10 in. deep, flank angle 55°, and root radius 0-029 in. 
The theoretical stress-concentration factor for this 
test piece was 2-2. For the tests on the En 30 steel in 
the 115-ton/sq. in. condition, this standard piece was 
thought to be too large for the capacity of the testing 
machine, and smaller dimensions were used, viz., 0:3 
in. root diameter, U-notch 0-061 in. deep and 0-029 in. 
radius, the theoretical stress-concentration factor 
being 1-9. All notches were trued up and polished to 
the correct radius and depth as judged by examina- 
tion under high magnification. 

With both the plain-bar and the notched-bar fatigue 
tests at least four loads were used in assessing the 
fatigue limit, which was considered to be accurate to 
within 0-25 tons/sq. in. for the particular samples 
tested. 


Case-Hardening Steels 

The steels of this group included one carbon and 
three alloy steels. Normal and leaded types of each 
material were examined (i) in the condition in which 
they were tested for machinability, and (ii) for core 
properties, after undergoing refining and hardening 
treatments. In the latter condition the materials 
were tested in fatigue as well as for tensile and izod 
properties, and, as far as possible, tests were made in 
both longitudinal and transverse directions. The three 
alloy steels were additionally tested (iii) for longitud- 
inal fatigue properties in the carburized, refined, and 
hardened conditions. The examination thus falls into 


three parts, which may conveniently be considered 
separately. Test results are presented in Tables IVa 
and 0b. 

(i) Softened, as Tested for Machinability—Test 
properties appeared to be essentially unaffected by 
the lead addition, with the exception of transverse 
values for En 39 steel, which show some reduction 
in ductility and izod values. 

(ii) Double Quenched (Core Properties)—The longi- 
tudinal properties of the corresponding normal] and 
leaded materials exhibited only minor differences, 
with the exception of a slight reduction in fatigue 
value by lead addition in the case of the 2% Ni-Mo 
steel. Transverse mechanical properties were deter- 
mined on the three alloy steels. Of these, only the 
leaded 4}°% Ni-Cr steel showed any significant 
lowering of ductility and izod values. The two steels 
examined in transverse fatigue gave slightly reduced 
fatigue values in the leaded material. 

(iii) Carburized, Refined, and Hardened—The examin- 
ation of materials in this condition was confined to 
the determination of the longitudinal fatigue limit of 
alloy-steel test pieces carburized and treated sub- 
sequent to machining. The three leaded alloy steels 
had lower fatigue values than the lead-free com- 
parison steels, the decreases being of the order of 
7-11%. 

A brief summary, showing the extent to which the 
mechanical properties of case-hardening steels were 
found to be influenced by the lead addition, is given 
in Table V. 

Higher-Carbon Alloy Steels 

This group of steels contained three constructional 
materials, oil-hardening Mn-Mo (En 16) and 13%, 
Ni-Cr—Mo (En 24) steels, air-hardening 41% Ni-Cr 

















Table IVb 
MECHANICAL PROPERTIES OF CASE-HARDENED STEELS. TRANSVERSE TESTS 
; Yield Max. _R. | Fatigue 
Matera comanion | type | Pit | Rar | Saere] Ree [fe] ees | Ram | Raia 
sq. in. | sq. in. | sq. in. 
| 


23-in. dia. bar Leaded 


O.Q. 870° C. Normal 
and 0.Q.770° C.+ | Leaded | 





| 
| 
| 
2% Ni-—Mo, En 34 | Normalized* 
| 
| 
| 


34% Ni-Cr, En 36 As-rolled* Normal | 0 
24-in. dia. bar Leaded 
| 0.Q. 870° G. Normal 


and O.Q .770° C.+ | Leaded 


| 


Normal | 0-357 25-3 35-1 26 46-5 53,49, 59| 
024-2 34-4 29 50-5 53, 54, 58 | 

» 35-8 46-7 26 45-5 51,43, 46| 

» 33:7 46:0 25 42.5 42, 41, 39 | 

| 

| 

.357 41-1 50-5 12-5 27 18,18,18 

. 27 8-5 2 SB 4, 04 


‘ 60-0 71-5 8 22 12,14,12| 427-0 0-38 
. 61-5 70-5 8 24-5 9,10,9 +24-0 0-34 





2}-in. dia. bar 


Leaded 

0O.Q. 870° C., Normal 
0,0. 770° G., 

| and T. 175°C. Leaded 


| 











41% Ni-Cr—Mo, En 39 | Softened 650° C.* | Normal | 0- 


357 41:0 50-0 21 49 38, 40, 38 
on 1 in. 

2 41:0 48-5 18 38-5 19, 23,21 
on 1 in. 

- 84:0 89-0 13 31-5 13,13,13| +36-8 0-41 
on 1 in. 

e 84-0 88:5 10 19-5 7,8,7 134-0 0.38 
on 1 in. 
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ON THE PROPERTIES OF SOME ALLOY 


(En 30) steel, and one of more specialized application, 
a 1% C-Cr steel of En 31 type. The first two are 
normally supplied for machining in the oil-hardened 
and tempered condition, the air-hardening steel in 
the 650-670° C. softened condition, and the C-Cr steel 
in the spheroidized-annealed condition. Since these 
steels do not form a group of uniform character, they 
are considered separately. The results of the 
mechanical tests on these steels are given in Tables 
Via and 5b. 

Oil-Hardened and Tempered Material—The examin- 
ation of the Mn—Mo steel for machining qualities and 
mechanical properties was carried out on 2}-in. dia. 
bar material heat-treated to the 55 ton sq. in. condi- 
tion. Both longitudinal and transverse test pieces were 
prepared from the 2}-in. dia. bar. Tensile and izod 
values of the normal and leaded types showed only 
minor differences in each direction of testing. 
Fatigue properties of the leaded material were lower 
by approximately 6°, and 7% in the longitudinal 
and transverse directions respectively. 

Examination of the En 24 steel was of additional 
interest, since the cast from which the test material 
was obtained comprised ingots made without lead, 
and ingots to which lead was added in different forms 
As previous tests had indicated some reduction in 
toughness by the addition of lead, it was thought 
that the use of a finer lead shot might result in 
improved properties, and an improved lead recovery 
was expected. The H ingots were left untreated, the 
F ingots received a lead addition in the form of shot 
of 0:10-0-12 em. in dia., and to the G@ ingots the 


same percentage of lead shot was added, but of 


approximately 0-06 cm. in dia. Analysis of rolled 
bar gave the same content of Jead in the F and G 
materials from top and middle positions of the 
respective ingots, showing that no advantage in this 
respect was to be gained by the use of the finer shot. 

Comparison of tensile and izod properties, in both 
directions of testing, and of plain-bar fatigue resistance 
on transverse samples, was made on 2}-in. dia. bar, 
oil-hardened and tempered to 70 tons’sq. in. tensile, 
representing top and middle positions of H, F, and @ 
type ingots. In no case did tensile and izod properties 
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appear to have been markedly impaired by the lead 
addition, in whatever form it was made. Transverse 
fatigue resistance would seem, on the whole, to tend 
towards lower values in the leaded materials. There 
were no consistent differences in the properties of the 
steels made with the two sizes of shot. 

Machining qualities were compared on samples of 
24}-in. dia. bar of H, fF, and G types, from the middle 
ingot position (see Table III). Both leaded materials 
showed enhanced machinability of a similar order in 
the three forms of test. Again, there was no difference 
due to the two sizes of lead shot. 

Longitudinal fatigue resistance was determined on 
plain- and notched-bar test pieces machined from 
1}-in. dia. bar from the middle position, oil-hardened 
and tempered to approximately 70 tons/sq. in. tensile. 
In both forms of test the F material, which had 
received the coarser lead addition, was at least equal 
in resistance to the lead-free H material, but the @ 
material, treated with the finer lead shot, appeared 
to be slightly inferior. The resistance of notched 
specimens was almost half that of plain test pieces. 
the reduction caused by the notch being 0-49, 0-48, 
and 0-50 in H, F, and G materials, respectively. 

Air-Hardened Material—Many tests were carried 
out on the 44°, Ni-—Cr—Mo steels. A comparison was 
made of the properties of normal and leaded materials 
in the softened condition, and in the hardened and 
lightly tempered condition, on test pieces prepared 
from 2}-in. dia. bar and 5-in. sq. billet. A further 
series was made on test pieces from 1?-in. dia. bar 
which were air-hardened and then tempered at various 
temperatures between 200° and 700°C. 

Fatigue properties were compared on plain and 
notched test bars in the 115 ton sq. in. condition. 

In the softened condition there was a tendency for 
lower ductility and izod values in certain tests on 
both 2}-in. round bars and 5-in. sq. billets of leaded 
steel, but it was scarcely consistent enough to merit 
description as a trend. The difference in then 
dimensions was reflected in the lower izod values and 
generally lower ductility of the 5-in. sq. billet material, 
even, surprisingly, in the transverse direction. ‘The 
fatigue resistance in both longitudinal and transverse 












































Table V 
EFFECT OF LEAD ADDITIONS ON MECHANICAL PROPERTIES OF CASE-HARDENED STEEL 
| | 
Tensile } Longitudinal | Transverse 
Type of Steel Strength, Condition | —_ 
a Tensile and Izod_ | Fatigue Limit | Tensile and Izod | Fatigue Limit 
| | i | 
| 
0-1°%, C, En 32 35 Double Quenched Essentially unaffected H Unaffected | 
| } 
2°,, Ni-Mo, En 34 44 Double Quenched Essentially unaffected Reduced 6°, Essentially unaffected | 
Carburized, Refined, Reduced 9°, } 
and Hardened 
31°, Ni-Cr, En 36 65 Double Quenched Essentially unaffected Unaffected Essentially unaffected | Reduced 11°‘ 
| 
Carburized, Refined, Reduced 10°, | 
and Hardened 
43°, Ni-Cr, En 39 89 | Double Quenched Essentially unaffected Essentially Reduced ductility Reduced 7 
} unaffected | and izod values 
Carburized, Refined, | Reduced 8°, 
and Hardened | 
i 
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Table VII 


EFFECT OF LEAD ADDITION ON MECHANICAL PROPERTIES OF HARDENED AND TEMPERED STEELS 





Type of 


Longitudinal 


Transverse 























Bar 
Scarcely affected 








Steel Condition 
Tensile and Izod Fatigue Tensile and Izod | Fatigue 
| 
| 
Mn-Mo, En16 | O.H. and T. 55 tons Unaffected Reduced 6°, Unaffected Reduced 7%, 
Plain Test Piece | Plain Test Piece 
14°, Ni-Cr-Mo, | O.H. and T. 70 tons Unaffected F* . Unaffected (Top) 
En 24 Unaffected Reduced 4°, | F* G* 
Reduced 16°, Reduced 9 
Notched Bar | 
Unaffected Reduced 8°, Middle) 
| Improved2°,, Reduced 5 
| 
4}°, Ni-Cr, A.H. and T. 118 tons Billet Plain Test Piece Billet | Plain Test Piece 
En 30 Scarcely affected| Reduced 20°, Reduced ductility | Reduced 22-49%, 
and izod values 
Bar Notched Test Piece Bar 
Scarcely affected | Reduced 22°, Unaffected 
A.H. and T. 80 65 Bar 
tons Very slightly 
affected 
A.H. and T. 60 tons Billet Plain Test Piece Billet 


Scarcely affected | Reduced 6°, 


| 
Reduced izod value | 
Bar Plain Test Piece 


and izod values 











| 
Reduced ductility Reduced 8°, 

' 

! 





* For explanation of steels /, and G, see p, 263 


directions was slightly lower by 2 tons/sq. in. (8-9°%%) 
in the leaded steel. 

The lead addition appeared to have been almost 
without influence on the tensile and izod properties 
of the bar material when air-hardened and tempered 
at 200°C. Its effect on the same properties of: 5-in. 
sq. billet material, similarly treated, was shown chiefly 
in diminished ductility and notch-impact toughness 
in the transverse direction. Fatigue resistance, as 
shown by tests on samples from the 5-in. sq. billets. 
was deleteriously affected, the values for the lead- 
bearing material being approximately 20 and 22°, 
below those of the normal steel in the longitudinal 
and transverse directions, respectively. Notched-bar 
fatigue resistance was determined in the longitudinal 
direction on test pieces prepared from 13-in. round 
bar, and similarly showed the inferiority of the leaded 
material. 

The presence of lead produced very little change in 
the longitudinal tensile and izod properties of test 
pieces machined from 13-in. dia. bar, and hardened 


Table VIII 
FATIGUE RATIO FOR VARIOUS TENSILE RANGES 














Fatigue Ratio 
Tensile Range, Longitudinal | Transverse 
tons sq. in. 

Normal | Leaded | Normal | Leaded 

35-45 0.58 0:57 mE ay 

55-65 0-50 0-48 0.41 0-38 
70-90 0.495 0.485 0.425 0.395 

115 0.485 0.33 0-31 0.24 
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and tempered at temperatures between 200° and 
700°C. Slight decreases in the reduction in area 
figures were reported for the leaded material in every 
condition of heat-treatment, and a tendency for a 
slightly lower average of izod figures was noted in 
several instances. Taken as a whole, however, the 
effect of lead on these properties at tensile levels 
ranging from 118 to 65 tons sq. in. must be regarded 
as negligible. 

Spheroidized-Annealed Material—The 1% C-Cr 
steel was of a type different from the other steels tested. 
It is not usually subjected to mechanical tests and 
is supplied to composition only, in the spheroidized- 
annealed condition, for the machining of components 
to be subsequently hardened. The chief interest in 
this material is, therefore, the influence of lead 
on its machining qualities. Tensile and izod proper- 
ties of annealed lead-free and lead-bearing samples 
were compared, however, to ascertain if they were 
related to machinability. Izod values were of a low 
order throughout, but somewhat lower in the leaded 
steel in both directions of testing. The ductility of the 
lead-bearing steel showed only very slight reduction in 
the longitudinal direction but somewhat more marked 
deterioration in the transverse direction. Although 
the poorer ductility of the lead-bearing steel would 
tend to facilitate its machining, the difference in 
properties of the two materials would scarcely seem 
sufficient to account fully for the improvement 
obtained. 

Table VII gives a concise summary of how the 
mechanical properties of the foregoing steels, in the 
hardened and tempered condition, were affected by 
the lead addition. 

The tensile and izod properties of these materials, 
in bar form, were affected to only a minor degree by 
the lead addition, which, as with case-hardening steels, 
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ON THE PROPERTIES OF SOME ALLUY STEELS 
Table IX 
NOTCH SENSITIVITY OF NORMAL AND LEADED STEELS 
| Fatigue Ratio | Notch Sensitivity 
| 7 l‘Theoret-! ad 
— . | ical 
Tensile | pr 
Ty f . | Value 
Steel Rtg A iB Actual A.B (Based Sensitivity 
Plain Bar Tests Notched Bar Tests Ky | § tee Index? 
} | Theory) | 
| | = 
| | 
En 24 Normal 68 } 0-501 0.256 1.95 2-2 | 0-79 
En 24 Leaded 68 | 0-502 (F); 0-481 (G) | 0-263 (F); 0-238 (G) | 1-90(F);2-05(G)| 2-2 0.75(F);0-87(G) 
| | | | 
| | 
En30 Normal 115 | 0.415 0.236 1-75 } 1-9 0-83 
En 30 Leaded 115 | 0-331 0-183 1-80 1-9 0-89 
K,— 1 
* Sensitivity index = es 
Ky —-1 


showed its presence chietly by depressing fatigue 
resistance. This lowering of the fatigue resistance 
reached noteworthy magnitudes only in the En 30 
steel in the 115 ton/sq. in. condition. 
the fatigue resistance by lead appeared to increase 
with the tensile strength of the steel, as shown by 
Table VIII, in which the average value of the fatigue 
ratio is given for various tensile ranges. 

The notched-bar fatigue tests were carried out to 
see whether notched-bar and plain-bar fatigue values 
were affected in a similar way by the lead additions, 
and to ascertain whether lead had any effect on 
the notch sensitivity under fatigue, since, if the reduc- 
tion of plain-bar fatigue limit were due to the presence 
of lead inclusions in the leaded steel, the presence 
of a notch in this steel would be expected to have less 
effect than in the normal steel and, therefore, its 
notch sensitivity would be less. With En 24 steel a 
direct estimate of the notch sensitivity under fatigue 
can be made, but with En 30 steel the notched-bar 
fatigue test is not strictly comparative, because of the 
difference in the size of bar used for the two types 
of test. However, since the tensile strengths of the 
two sizes of bar were of similar order, a good guide to 
the notch sensitivity was obtained from the tests. 
The results are summarized in Table [X, and showed 
that lead additions have no influence on the notch 
sensitivity of these steels. The sensitivity indices 
are of the same magnitude as those quoted by 
Timoshenko® for a Ni-Cr steel in the 60 ton/sq. in. 
condition. 

CONCLUSIONS 

Considerable improvement in machinability by the 
use of lead additions has been confirmed for a number 
of carbon and alloy steels. 

Except to a minor degree, additions of lead of 
0-15-0-2% do not, in general, affect the normal 
tensile and izod impact properties of the steel, in 
either the longitudinal or transverse direction. | Any 
differences that may be observed consist of a slight 


The lowering of 


tendency to lower ductility and toughness values 
with the addition of lead. A reduction in fatigue 
resistance may result from lead additions, becom:ng 
greater with increase in the tensile strength of the 
steel. Thus, for a 115-ton steel the reduction in 
fatigue resistance reached a value of about 20% : for 
a 75-ton steel, about 5-10%; and for a steel of 55 
tons/sq. in. strength, or lower, it was negligible. 
Notch sensitivity in fatigue was not affected by lead 
additions. 

The use of lead shot finer than normal 
materially affect either the recovery value of the lead 
or the mechanical properties and the machinability 
of the steel. 


did not 


Acknowledgments 

The authors thank Mr. W. Burnan and Mr. M. Soar, 
of Firth-Brown Tools, Ltd., for carrying out the 
machinability tests, and also their colleagues at the 
Brown-Firth Research Laboratories, particularly Mr. 
P. Jubb and Mr. N. B. McGregor. for assistance with 
the mechanical tests. They also thank Dr. C. Sykes, 
F.R.S., Director of Research, for his encouragement 
of this work, and for permission to publish the results. 


References 
1. Anon. : Metallurgia, 1939, vol. 20, p. 95. 
2. J. H. Neap, C. E. Sms, and O. E. HARDER: J/etals 
and Alloys, 1939, vol. 10, pp. 68, 109. 
3. W. B. WRAGGE: Mechanical World, 1941, Sept.. 


p. 209; 1939, Apr., p. 109. 
1. T. SwWINDEN : Journal of The Iron and Steel Institute, 
1943, No. II, p. 441. 
5. H. ScHRADER: Archiv fiir das Hisenhtittenwesen, 
1943, vol. 17, p. 65. 
6. H. Opitz and E. Printz: Metallbearbeitung, 1938. 
vol. 48, p. 773. 
B. Kean and E. SIeBEL: Archiv fiir das Fisen- 
hiittenwesen, 1936, vol. 9. p. 563. 
Anon.: Journal of the Institution of Production 
Engineers, 1943, vol. 22, p. 211. 
9. S. TIMOSHENKO: “ Strength of Materials,’ Part II. 
Second edition, 1941, Macmillan and Co., Ltd. 


~l 


@ 





JULY, 1950 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





The Corrosion of Steel in Estuarine Tropical Waters 
By S. 4. Main, D.Se., F.Inst.P., and T. H. Arnold, F.I.M. 


SYNOPSIS 


The corrosion of various steels in estuarine tropical waters at Freetown, Sierra Leone, has been investigated, 
and the result compared with exposure in ordinary tropical sea water at Takoradi on the Gold Coast. The 
results are interpreted in the light of the work of other investigators, in particular those of the Sea Action 
Committee of the Institution of Civil Engineers. Some of the operative factors concerned in the corrosion, 
e.g., molluscs, sulphate-reducing bacteria, etc., are discussed. 


observed in the harbours at Lagos, Nigeria, and at 

Freetown, Sierra Leone. Corrosion of the harbour 
craft at Lagos was encountered particularly during 
the rainy season when the water in the lagoon was 
fed by a number of small streams. The attack on steel 
plates was entirely different from that experienced 
in the dry season. This difference was attributed to 
the particularly corrosive character of the flood water, 
and to confirm this a steel cable, thickly coated with 
a heavy grease and attached to a buoy, was immersed 
at a point where the river flood water overlies the 
sea water to a depth of 6 ft. with a fairly sharp division 
between the two. After a short period the grease 
was completely removed to a depth of about 6 ft. 
and the cable was rotted to the core. Below this point, 
t.e., below the river flood waters, the cable remained 
thickly coated with grease and entirely unaffected. 
It was suggested that the river water probably con- 
tained acids of the malic type resulting from the de- 
compos tion of vegetable substances. 

At Freetown, buoys in the harbour were found 
to give trouble, even after thorough washing with 
fresh water, scraping to remove any scale, and final 
covering with a protective paint. 

The corrosion of steel in the sea has been, and still 
remains, the subject of many organized investigations, 
the first of which was carried out by the Sea Action 
Committee of the Institution of Civil Engineers. 
These investigations do not appear, however, to have 
included a site specially chosen as being estuarine 
in character, a condition of particular importance in 
tropical waters. 

Available information indicates that at Gambia, 
Bathurst, and all the Niger delta ports, the flood waters 
from the rivers during the rainy season are heavily 
charged with acid, and the corrosion of steel is verv 
severe. , 

Hadfield and Main? encountered excessive corro- 
sion of steel during trials carried out in the Gulf of 
Paria. A ;%-in. mild-steel plate forming the bottom 
of a storage tank immersed in the sea bed was eaten 
through in nine months, and on drying it became 
quite hot from chemical action. This was confirmed 
in their trials, corrosion of mild steel occurring at a 
rate nearly twice that experienced in the Sea Action 
Committee’s research in the uncontaminated waters 
at Colombo or elsewhere. 

The Gulf of Paria receives the waters of the river 
Orinoco, and in the flood season, as at Lagos, it is 
contaminated with large quantities of organic matter 


“Tigres corrosion of ordinary steel has been 
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chietly vegetable, although at other times it is com- 
paratively uncontaminated. At the location of the 
trials there were outcrops on the sea bed of pyrites- 
bearing clay, which may also have accelerated corro- 
sion. 

Wrought iron bolts in the Pungwe Wharf at Beira 
in Portuguese East Africa suffered severe corrosion 
and required continual replacement.* The wharf is 
at the mouth of a river, the Pungwe, and the water is, 
moreover, strongly tidal. Initiated by Sir William 
Halcrow, in collaboration with the authors’ firm, 
trials on bolts of various ferrous materials are in 
progress at this wharf and they will include an 
examination of the water. 

EXPOSURE TRIALS AT FREETOWN AND 

TAKORADI 

During the recent war, exposure trials of a variety 
of ferrous materials were instituted at Freetown and 
at Takoradi on the Gold Coast. The exposure was 
arranged and supervised by the resident engineers ; 
the specimens were prepared and examined after 
test in the Research Department of the authors’ 
firm in England. 

Takoradi, on the same stretch of coast as Freetown 
but where there is no river, was chosen to study the 
effects of sea water alone ; the Sea Action Committee’s 
research had shown that under tropical conditions 
the effects were especially pronounced. 

A third set of prepared specimens was sent for 
exposure at Lagos, but unfortunately it was lost in 
transit. 

Materials 

The analyses and heat-treatments of the materials 
chosen for test are given in Table I. Steel No. 2. 
containing +% Cu, was known to be resistant to 
acidic industrial atmospheres, and it was thought 
that it might therefore prove resistant to the 
corrosive constituent of the river water. A higher 
percentage of copper, } and 2%, had been shown by 
the Sea Action Committee to reduce corrodibility 
of steel in ordinary marine tests, although not in a 
hot climate. 

Steel No. 8, with 2-6% Cr, represented a type of 
steel which has been shown by American workers‘ to 
have good resistance to marine corrosion. 

The high-chromium (13°%) steel, No. 3, represents 
the non-corroding steel used for many engineering 
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Table I 
PARTICULARS OF THE SPECIMENS 
! 
— ° | Analysis, ‘ Dia. as Hardness, D.P.H. 
Speci- pat- | a 
men Type of Steel | cums Heat-Treatment | 
No. l | | | a | Freetown | Takoradi 
| Cc Si S | P | Mn | Cr Ni ; W | Cu | es } hganenes teen 
| | | | 
' | | 
1 | Ordinary mild | 0-24 | 0-25 | 0-038] 0-037] 0-80 | 0-11 | 0-23 0-08 | 2-25 As rolled | 148 151 
| 150 150 
| 
2 13% Cu 0-13 | 0-03 | 0-024! 0-010) 0-48 | }0-28| 1:5 |As rolled 127 126 
| | 130 | 128 
3 Mild 13%, Cr 0-11 | 0-17 0-29 | 13-4 | 0-20 | } 41-5 |Annealed 750° C. 193 | 193 
‘ Rustless Iron’ | | | Furnace cooled | 195 195 
4 18% Cr, 8% Ni, | 0-18 | 0-12 0:39 | 18:3. | 7-7 | | | 1-375 |Normalized | 195 203 
eee re | | | see Cc. Air | 197 195 
Stainless | cooled 
5 18% Cr, 2% Ni 10-15 | 0-23 0-48 | 18-2 | 1-93 | | 1-56 \Oil quenched | 246 | 246 
| | and tempered 246 | 243 
|} 1000°C. Oil | 
| | quenched 600°C.) 
| |__ Air cooled | | 
6 | 10% Cr, 20% Ni, | 0-14 | 0-51 0-50 | 10:3 | 20-7 | 2-06} 206) 15 Normalized | 193 | 190 
with 2°, W, 2° | | | | 950°C. Air | 200 | 193 
Cu | cooled | 
7 36°, Ni 0:08 | 0-14 1:25 36:4 | 1-5 |As rolled | 162 164 
| } 166 168 
8 |21% Cr 0:04 | 0-36 0:49 | 2-62 1:5 |Annealed 750°C. | — 123 | 422 
| | Furnace cooled| 124 | 122 
| | ' | 1 





























purposes, including the blading of steam turbines and 
parts of hydraulic pumps and valves. A similar steel, 
but with a higher carbon content (0-36%), had been 
found by the Sea Action Committee and other investi- 
gators to pit very severely in sea water. The series 
of high-chromium steels alloyed with nickel, Nos. 
4, 5, and 6, which pit badly in sea water were represen- 
tative of steels commonly used against acids. 


In all marine exposure tests the loss in weight of 


steel No. 7, 36° Ni with no Cr, was known to be 
low compared with that for ordinary steel and to 
be comparatively free from pitting. 

Steel No. 1, a representative of ordinary mild steel 
produced by the basic open-hearth process, was 
included as a control. By comparison of its behaviour 
with that of steel of similar type in other exposure 
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Fig. 1—Record of surface blemishes on the specimens 
before exposure (specimens orientated as they were 
during exposure) 
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trials and in other locations, some measure of the 
severity of the conditions at Freetown and Takoradi 
could be assessed. 

Preparation of Specimens 

The specimens were prepared from rolled stock, and 
heat-treatments likely to be applied in practice were 
given and checked by hardness tests. 

The bars were machined to 1}-in. dia. and 12 in. 
long and finished with an ordinary smooth surface 
as for mechanical testing. Specimens with corres- 
ponding numbers in the different sets were put 
through all stages of preparation together. Each bar 
was stamped on one end with a distinguishing number 
and drilled with one or more holes for identification. 

Saw cuts were made at the other end of the speci- 
mens ; twoindicating exposure at Freetown and three 
at Takoradi. 

The machining revealed small surface blemishes 
on bars Nos. 1, 3, 4, and 7 of the Takoradi set and on 
No. 8 of the Freetown set. The positions and forms 
were carefully noted (see Fig. 1). 

After being weighed individually, the specimens 
were wrapped separately in dry rags, packed in two 
boxes—one for each set—with a sealed tin-plate 
lining for conveyance to site. 


EXPOSURE 
Conditions During 


AT 
Exposure 


FREETOWN 


Owing to war-time conditions these specimens 
remained packed in this way for five years and were 
finally immersed at Freetown in May, 1945. Through- 
out their exposure they were held vertically (Fig. 3) 
with their numbered ends uppermost and loosely 
socketed, to a depth of about 1 in., into holes in 
boards of Nigerian Agba timber 1} in. in thickness. 
The specimens were arranged in two parallel rows, 
equally spaced with a distance of 5} in. between 
the centres of the specimens, 7.¢., with a clearance of 
4 in. 

At Freetown the average rainfall is 148 in./yr., 
practically all falling during the six months of the 
rainy season from May to October when the rivers 
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Fig. 2—Sketch map of the site of the exposure at Freetown 


flow strongly. In July 1945, during the period of 
exposure, the rainfall was 54-2 in., and in the first 
ten days of August it was 36 in., an exceptionally 
high figure. 

The shade temperature in Freetown ranges, at 
different seasons of the year, from an average maxi- 
mum and minimum of 85° and 75° F. respectively. 
During the rainy season the atmosphere is excessively 
damp, the average humidity being as much as 93%. 
The prevailing wind is from the south-west. Between 
December and January a dry north-easterly wind— 
the Harmattan—blows at intervals, carrying with 
it clouds of fine dust from the Sahara. 

The temperature of sea water ranges from 78- 
85° F. according to season. The depth of water 
at low-water spring tides is 44 ft. and at high-water 
mean tides, 134 ft. 

The test rack was immersed, oriented from north to 
south, at the end of the Roseville Jetty situated at the 
eastern entrance to Whiteman’s Bay on the southern 
shore of the harbour (Fig. 2). The specimens were at all 
times totally immersed during exposure, with the 
bottom of the rack submerged 4 ft. at low-water 
spring tides. 

Whiteman’s Bay is a sheltered bay at the foot of 
the Colony Hills, and the jetty, which extends about 
20 yd. from the mainland, is completely rusted, and 
certain parts of the submerged structure are well 
corroded. The landward end of the jetty is built into 
a laterite reef which forms the margin of the bay. 
The laterite is true ground-water laterite of the vesi- 
cular kind, and is composed largely of cemented 
ferruginous sandstone. It is continuously washed and 
denuded by tides, and large masses of solid reef have 
been separated from the shore in many places. 
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During the rainy season the bay receives the surface 
and seepage drainage waters from a hilly catchment 
area. The soils in this area are laterite soils derived 
from the Norite-Gabbro complex of the Colony Hills. 
The flood-water currents in the harbour run eastwards 
and scour round Whiteman’s Bay. 

In August and September, during the peak of the 
heavy rains, large quantities of small globules are 
suspended in the sea water throughout the harbour, 
at least to a visible depth. These globules are believed 
to be a fat or acid substance released from rotting 
vegetation washed down by the rains. 

Although the Congotown River which enters 
directly into Whiteman’s Bay is comparatively small, 
the bay is so situated that it probably also receives 
some of the flood waters from the main river of Free- 
town, the Rokelle. 

During heavy swell from the open sea, the back 
surge of surf on the beach of laterite rock, sand, and 
mud causes the water to become discoloured ; other- 
wise the water is fairly clear. 

On August 23rd, 1945, after immersion for 86 days 
during the rainy season, the rack was removed and a 
visual examination was made. On the next day the 
specimens were re-submerged, and were finally re- 
moved after a further 133 days—a total of 220 days, 
which included the whole of one rainy season. After 
final removal from the water, the rack and specimens 
were allowed to dry, without dismantling, and packed 
in lime for return to England. No attempt was made 
at this stage to remove any deposits from the speci- 
mens. 


Visual Examination of Specimens 
After 86 days’ immersion—The observations are 
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Table II 


DESCRIPTION OF FREETOWN SPECIMENS 
86 days’ immersion 


After Cleaning 


Black with slight corrosion evenly distributed, including 
the ends inserted in the board 


Corrosion more pronounced than No. 1 

Also slight pitting 

Several small pit holes along the bar, but both ends 
of the bar were very badly corroded where they had 
been inserted in the wood . 

The flat (upper) end on which the number was stamped 
had corroded to such an extent that the number was 
completely obliterated 

The other (lower) flat end was only slightly corroded, 
but the bar was deeply corroded circumferentially 
in way of the insertion hole . 

Three deeply pitted holes, the worst one being § in. 

2 in. by more than } in. deep. Another pit hole 
in. dia. had just broken through the skin and 
the rim of this spot was serrated into the bright 

steel as though the corrosive action was extending 
radially from a central spot. Both ends of the bar 
were badly corroded circumferentially in way of the 
insertion holes ‘ 

At one end of the bar there were three deep pit holes 
around the circumference just outside the edge of 
the insertion hole. The flat end was corroded 

At the other end there was a belt of bad pitting in way 
of insertion hole only 

Three slight pit holes along the bar 

Bar had the appearance of a bright steel bar extensively 

*‘pock marked ’ with dull grey spots ranging from 
4—} in. dia. 

This pitting was through the outer skin and some 
of the holes were fairly deep 

A belt of deep pitting at each end of the bar in way of 
the edge of the insertion holes : 

Extreme ends and flats were good 

Extensively corroded over large patches, the appearance 
being similar to etchings with intervening patches 
of bright steel 

Complete belt of deep corrosion at each end of bar 
in way of the edge of the insertion holes 

Extreme ends and flats good 


Specimen f 
No. Type of Steel Before Cleaning 
1 Ordinary Mild Completely covered with heavy layer of 
deposit, slimy brown on the outside, 
black and watery underneath 
2 41% Cu Similar to No. 1 
3 Mild 13°, Cr ‘ Rust- Slight layer of brown deposit, bright steel 
less Iron ' showing through 
a 18% Cr, 8% Ni Slight layer of brown deposit over bright 
Austenitic Stainless steel on most of the bar but a few patches 
of black deposit under which the bar was 3 
badly pitted 
5 18% Cr, 2% Ni Slight layer of brown deposit over bright 
steel 
6 10% Cr, 20% Ni, with Slight layer of brown deposit with num- 
2% W,2% Cu erous small patches of black deposit 
C4 36% Ni Heavily coated with black deposit over 
most of the surface with a few bright parts 
showing through thin brown deposit 
8 24% Cr Heavy layer of black deposit all over 


summarized in Table II. There were no shells or 
crustacea on the bars, all the deposit being of a soft 
nature. 

It will be noted from these descriptions that the 
corrosion at the final examination, reported later 
(Table III), had already been largely effected, 1.e., 
before the end of the rainy season. 

The specimens were fully subjected to the effects 
of the flood water, although at the point of immersion 
the interesting condition where the flood water over- 
lies the sea water did not exist. 

After 220 days’ immersion—In the Research 
Department of the authors’ firm the assembly was 
thoroughly washed and brushed with a soft brush 
to remove the lime before examination; Fig. 3 
represents as nearly as possible the appearance of the 
specimens at this stage. It was found that the boards 
of the rack had rotted, the top board much more than 
the bottom. Localized attrition of the wood had 
occurred in the top board in the vicinity of specimens 
1, 2, 4, and 5, and of specimens 6 and 8 in the bottom 
board. On dismantling, the top board was found to 
be in a very fragile condition especially in the vicinity 
of specimens 1 and 2. Figure 4 shows the appearance 
of a fracture through the top board of a piece that 
broke away during dismantling, and illustrates how 
the wood had been severely weakened by some kind 
of organism tunnelling into it and producing a honey- 
comb effect. 
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Black. Slightly corroded fairly evenly over the whole 
surface except the flat ends, which were good 


Figure 6 shows the specimens in the same condition 
as in Fig. 3 but removed from the rack. On all the 
specimens the parts that had been embedded in the 
wood frame were well defined and were blacker than 
the remainder. Marine growths of polyzoa, tube 
worms, and occasional barnacles were present on all 
the specimens. There was also some vegetable fibre. 
Figure 5 is an enlarged view of a portion of the surface 
of specimen 3 showing these marine growths. Speci- 
mens I, 2, and 8 were thickly coated with relatively 
loose brown scale. Specimens 3, 4, and 5 were thinly 
coated with a relatively adherent greyish deposit, 
but had local yellow-brown rusted patches. 

All loose deposit was removed mechanically and 
the specimens were cleaned electrolytically in a 
10% aqueous solution of sodium cyanide, using the 
specimen as the cathode. ; 

Specimens 3, 4, 5, and 6 showed severe pitting and 
it was necessary to lightly scrape the pits since they 
still contained non-metallic matter (mud and corrosion 
product). In addition to obvious pits, numerous 
small ‘blisters,’ each surrounded by a corroded halo, 
appeared on specimen 6. On applying a slight pressure 
to the top of these blisters, the metal covering collapsed 
and revealed an underlying pit containing mud and 
corrosion products. These pits were then lightly 
scraped to detach the contents. / 

The final condition of the specimens is shown in 
Fig. 7, and results of visual examination, with measure- 
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Table III 


DESCRIPTION OF FREETOWN SPECIMENS AFTER CLEANING 
220 days’ immersion 


272 MAIN AND ARNOLD : 
Specimen Portion Embedded in 
No. Type of Steel Top Board 
1 Ordinary mild 
. 3% Cu { 
3 Mild 13%, Cr Severely corroded generally 
‘ Rustless Iron ’ on the periphery 
Deep pits in the end face 
between the drilled identi- 
fication holes 
4s 18°, Cr, 8% Ni Corrosion confined to two 
Austenitic Stainless large pits of the order of 
0-06 in. in depth 
Pitted on end face near 
drilled identification holes 
5 18°, Cr, 2% Ni Severely corroded in patches 
6 10% Cr, 20% Ni, with Severely corroded generally 
2%W, 2% Cu 
7 36% Ni Reasonably uniformly cor- 
roded 
8 23% Cr 


ments of the sizes and depths of the pits, are given in 

Table III. Finally, each specimen was weighed, the 

calculated loss in weight being given in Table IV. 
The summarized results are tabulated below. 


EXPOSURE AT TAKORADI 

Conditions During Exposure 

The set of specimens was immersed, mounted in 
a concrete frame, on 28th July, 1940, leaving a length 
of 10 in. exposed. The specimens were spaced with 
centres 33 in. apart, with an actual clearance of 2} in. 

On the coast there are two rainy seasons each year 
between May and October, with a short dry season 
intervening during the month of August. The records 
at Axim near Takarodi show a mean annual rainfall 
of 82 in., a mean maximum atmospheric temperature 
of 83-5° F., and a mean relative humidity of 86%. 


Portion Embedded in 
Bottom Board 


Severely corroded generally 
with a tendency to deep 
local pitting at the wood 
sea line 


Severely corroded generally 


Severely corroded generally 
with a tendency to deep 
local pitting 


Severely corroded generally 


Reasonably uniformly cor- 
roded 





Portion Exposed Freely 


Reasonably uniformly corroded over the whole surface, no apparent difference between the portions 
embedded in wood and the remainder 


Corroded only in localized pits 

Four large pits of the order of ¥, in. 
dia. and of the following depths : 
0 -068 in., 0-081 in., 0-068 in., 0-054 in. 


Corroded only in localized pits 
Four large pits of the following approxi- 
mate dimensions: 
£ in. 4 in. 0-164 in. deep, } in. 
dia. 0-071 in. deep 
g in. fs in. 0-039 in. deep, 4 in. 
dia. « 0-145 in. deep 
Corroded only in localized pits. These 
pits are situated at top wood-sea 
line, others are randomly distributed 
Approximate dimensions of some of 
the pits : 


fs in. x} in. x 0-061 in., } in.» “4 in. 


0-182 in. 

* in. dia. 0-048 in., % in. dia. 
0-037 in. 

, in. } in. 0-158 in., § in. 
din. x 0-114 in. 


Very numerous corroded pits of the 


order of %-*% in. dia. and up to 
0-073 in. deep 
Slightly irregularly corroded, more 


at wood-sea lines than on remainder 
where there was a shallow mosaic 
pattern with traces of uncorroded 
surface 


Reasonably uniformly corroded over the whole surface, no apparent difference between the portions 
embedded in wood and the remainder 


The prevailing wind is south-south-east. As at Free- 


town the dry 


north-easterly—the 


Harmattan— 


blows during the dry season, carrying clouds of dust. 
At Takoradi the temperature of the sea water 


varies from 75—-80° F. 


according to the season. 


The 


range of depth of water at spring tides is 5 ft. and at 


neap tides 34 ft. 


Although not appreciated at the time of exposure, 
local highly sulphurous shale had been used in the 
construction of the slipway of the wharf opposite 


to the exposure site. 
follows : 


Sulphide sulphur, °% 
Sulphuric anhydride, 


Pyrites, °, 


The analysis of the shale is as 


Weathered 

0-05 0-04 

9 1-06 5-67 
26-60 18-70 


Lime, magnesia. alumina, 


ete. 


remainder remainder 


Loss in 
Specimen Weight, Deepest 
No. Type of Steel % Corrosion Pit, in. 
l Ordinary mild 3°1 Reasonably uniform over whole specimen 
2 1% Cu 3°44 Reasonably uniform over whole specimen es 
3 Mild 18% Cr‘ Rustless 2-5 Irregular. Severe generally with tendency to pit on portions 0-081 
Iron ’ embedded in wood. Remainder mainly uncorroded but with 
a number of large pits 
4 18% Cr,8% NiAusten- 1-02 Irregular. Severe generally on portion embedded in bottom board 0-164 
itic Stainless Localized pitting on the remainder which was mainly uncorroded 
5 18% Cr, 2% Ni 1-77 Irregular. Severe generally on portion embedded in bottom 0-182 


board ; less general but severe where embedded in top board. 
Remainder mainly uncorroded but with a number of large 


pits 
6 10% Cr, 20% Ni, with 1-95 Irregular. 


2% W,2% Cu 


Severe generally on portions embedded in wood. 
Remainder largely pitted but pits relatively shallow 
Slightly increased, at wood-sea line as com- 


0-072 


pared with remainder which had a shallow mosaic pattern of 
corrosion with traces of uncorroded original surface 
No tendency to deep localized pitting 


7 36% Ni 1:36 Slightly irregular. 
8 23% Cr 2-02 
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Fig. 3—Freetown specimens in wooden frame after 220 days’ exposure ; lightly washed and brushed 





Fig. 4—Portion of wooden 
frame attacked by marine 
organisms at Freetown 


Fig. 5—Specimen 3 (13°, Cr) showing adhering polyzoa, tube worms, and 
vegetable fibre x 6 (approx.) 
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Table IV 


LOSS IN WEIGHT OF FREETOWN SPECIMENS 
220 days’ immersion 


























Weight of Specimens Loss in Weight | Relative 
Specimen ‘ corrosion 
No. eee Original, After Removal Py Mild Steel 
2. of Rust, g. e 
1 Ordinary mild 1887-5 1829 58-5 3:10 100 
2 4% Cu 1902-5 1837 65-5 3:44 111 
3 Mild 13%, Cr 1859-5 1813 46°5 2-50 81 
‘ Rustless Iron ’ 
4 18% Cr, 8% Ni 1904 1884-5 19-5 1-02 33 
Austenitic 
Stainless 
5 18% Cr, 2% Ni, 1861 1828 33-0 1:77 57 
6 10% Cr, 20% Ni, 1951 1913 38-0 1-95 63 
with 2°, W, 2°, Cu 
7 36% Ni 1951 1924-5 26-5 1-36 44 
8 24% Cr 1880-5 1842-5 38-0 2:02 65 

















When moist this shale is particularly corrosive 
owing to the sulphuric acid produced by natural oxida- 
tion of the pyrites, and buried conduits of galvanized 
steel have been known to waste away completely in 
three months. It is possible that acid oozing from the 
wharf may have contaminated, to some extent, the 
sea water at the main exposure site, although the wash 
of the tide would do something to clear it away. 

The frame was placed so that at all times it was 
completely immersed in the slipway on the south 
side of the harbour. After 142 days all the specimens 
except No. 7 (the high-nickel steel) were found to be 
completely covered with barnacles and other sub- 
marine crustacea. Specimen No. 7 was tarnished but 
not corroded. 

As the heavy incrustation of barnacles was con- 
sidered to defeat the object of the trial, another 
site on the other side of the harbour, where marine 
growth is less prevalent, was substituted, and the 
frame placed at half-tide level. The specimens were 
freed from deposit and immersed in the new position 
on the same day. 

The specimens were lifted for inspection after 
4 yr. 122 days under half-tide conditions, and notes on 
their appearance were made. 

The specimens in the frame were re-immersed, 
without any attempt at cleaning, and were finally 
removed in February 1946 after a total period of 
5 yr. 53 days’ immersion at half-tide. 

After a visual examination, due again to the exigen- 
cies of circumstances, the frame with its specimens 
was left at the harbour and exposed to the atmos- 
phere for 341 days. The assembly was recovered 
after heavy rain and was fouad lying in a small pool 
of water. 

The total duration of the exposures was therefore : 

Total immersion 
Half-tide immersion 5. yr. 
In atmosphere 


142 days 
53 days 
341 days 
Total 6 vr. 171 days 

No visual observation was made of the conditions 
of the specimen at this stage. The frame and speci- 
mens were allowed to dry superficially and the 
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frame was carefully broken to release the specimens 
for dispatch. In doing so, it was noticed that the part 
of the frame surrounding specimens 1 and 2 was 
cracked, allowing the buried ends of these bars to 
corrode. 
Visual Examination of Specimens 

After 142 days’ total immersion and 4 yr. 122 
days half-tide immersion—The following notes were 
made on the appearance of the specimens : 

Specimens Nos. 3, 4, 5, and 6 (the high-chromium 
steels), and No. 7 (the high-nickel steel) showed no 
signs of corre sion 


Nos. 1 (mild steel) and 2 (copper steel) showed 
slight corrosion 
No. 8 (23°, Cr steel) was almost covered with rust. 


After 142 days’ total immersion and 5 yr. 53 days’ 
half-tide immersion—Visual examination revealed : 
Specimens Nos. 1, 2, and 8 were in a bad state of 

COrrosion 

Nos. 3, 4. 5, 6, and 7 were also badly corroded but 

were better than Nos. 1, 2, and 8. 

The appearance of the specimens was such that it 
was considered unsafe to have them re-immersed. 

After a further 341 days’ exposure to the sea atmos- 
phere—The procedure for the examination in the 
Research Department of the authors’ firm was 
similar to that for the Freetown specimens. 

The appearance of the specimens after washing 
and light brushing is shown in Fig. 8 and can be com- 
pared with that of the Freetown specimens (Fig. 6). 

Specimens 1 (mild steel), 2 (copper steel) and 8 
(24°, Cr steel) were all found to be covered with 
a brown scaly coating which was relatively loose. 
This coating was much thinner and more tenacious 
on the ends embedded in concrete throughout the 
test, than on the centre portions of the bars. 

Specimens 3.4.5, and 6 (the steels of high chromium 
content) as well as No. 7 (high nickel) were all thinly 
coated with a relatively adherent, greyish coloured 
deposit containing localized yellow-brown rusted 
patches which were more extensive on specimens 
6 and 7 than on the other specimens. The portions of 
these five bars which had been embedded in concrete 
were entirely unattacked by any form of corrosion. 
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Table IV 


LOSS IN WEIGHT OF FREETOWN SPECIMENS 
220 days’ immersion 


























Weight of Specimens Loss in Weight Relative 
Specimen 4 corrosion 
No. i ssc Original, After Removal Mild Steel 
2. of Rust, ¢. 8. | 
} | 
1 Ordinary mild 1887 -5 1829 58-5 3-10 100 
2 4%, Cu 1902-5 1837 65:5 3:44 111 
3 Mild 13% Cr 1859-5 1813 46:5 2-50 81 
*‘ Rustless Iron ’ 
4 18% Cr, 8% Ni 1904 1884-5 19-5 1-02 33 
Austenitic 
Stainless 
5 18% Cr, 2% Ni, 1861 1828 33-0 1-77 57 
6 10% Cr, 20% Ni, 1951 1913 38-0 1-95 63 
with 2% W,2°, Cu 
7 36% Ni 1951 1924-5 26:5 1-36 44 
8 24% Cr 1880-5 1842-5 38-0 2-02 65 




















When moist this shale is particularly corrosive 
owing to the sulphuric acid produced by natural oxida- 
tion of the pyrites, and buried conduits of galvanized 
steel have been known to waste away completely in 
three months. It is possible that acid oozing from the 
wharf may have contaminated, to some extent, the 
sea water at the main exposure site, although the wash 
of the tide would do something to clear it away. 

The frame was placed so thet at all times it was 
completely immersed in the slipway on the south 
side of the harbour. After 142 days all the specimens 
except No. 7 (the high-nickel steel) were found to be 
completely covered with barnacles and other sub- 
marine crustacea. Specimen No. 7 was tarnished but 
not corroded. 

As the heavy incrustation of barnacles was con- 
sidered to defeat the object of the trial, another 
site on the other side of the harbour, where marine 
growth is less prevalent, was substituted, and the 
frame placed at half-tide level. The specimens were 
freed from deposit and immersed in the new position 
on the same day. ' 

The specimens were lifted for inspection after 
4 yr. 122 days under half-tide conditions, and notes on 
their appearance were made. 

The specimens in the frame were re-immersed, 
without any attempt at cleaning, and were finally 
removed in February 1946 after a total period of 
5 yr. 53 days’ immersion at half-tide. 

After a visual examination, due again to the exigen- 
cies of circumstances, the frame with its specimens 
was left at the harbour and exposed to the atmos- 
phere for 341 days. The assembly was recovered 
after heavy rain and was found lying in a small pool 
of water. 

The total duration of the exposures was therefore : 
142 days 

53 days 
341 days 


Total immersion 
Half-tide immersion 5. yr. 
In atmosphere 


Total 6 yr. 171 days 

No visual observation was made of the conditions 
of the specimen at this stage. The frame and speci- 
mens were allowed to dry superficially and the 
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frame was carefully broken to release the specimens 
for dispatch. In doing so, it was noticed that the part 
of the frame surrounding specimens 1 and 2 was 
cracked, allowing the buried ends of these bars to 
corrode. 
Visual Examination of Specimens 

After 142 days’ total immersion and 4 yr. 122 
days’ half-tide immersion—The following notes were 
made on the appearance of the specimens : 

Specimens Nos. 3, 4, 5, and 6 (the high-chromium 
steels). and No. 7 (the high-nickel steel) showed no 
signs of corrosion 


Nos. 1 (mild steel) and 2 (copper steel) showed 
slight corrosion 
No. 8 (23°, Cr steel) was almost covered with rust. 


After 142 days’ total immersion and 5 yr. 53 days’ 
half-tide immersion—Visual examination revealed : 
Specimens Nos. 1, 2. and 8 were in a bad state of 

COrrosion 

Nos. 3. 4. 5, 6, and 7 were also badly corroded but 

were better than Nos. 1, 2, and 8. 

The appearance of the specimens was such that it 
was considered unsafe to have them re-immersed. 

After a further 341 days’ exposure to the sea atmos- 
phere—The procedure for the examination in the 
Research Department of the authors’ firm was 
similar to that for the Freetown specimens. 

The appearance of the specimens after washing 
and light brushing is shown in Fig. 8 and can be com- 
pared with that of the Freetown specimens (Fig. 6). 

Specimens 1 (mild steel), 2 (copper steel) and 8 
(21°. Cr steel) were all found to be covered with 
a brown scaly coating which was relatively loose. 
This coating was much thinner and more tenacious 
on the ends embedded in concrete throughout the 
test, than on the centre portions of the bars. 

Specimens 3, 4, 5, and 6 (the steels of high chromium 
content) as well as No. 7 (high nickel) were all thinly 
coated with a relatively adherent, greyish coloured 
deposit containing localized yellow-brown rusted 
patches which were more extensive on specimens 
6 and 7 than on the other specimens. The portions of 
these five bars which had been embedded in concrete 
were entirely unattacked by any form of corrosion. 
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Table V 
DESCRIPTION OF TAKORADI SPECIMENS AFTER CLEANING 


142 days’ total immersion ; 5 yr. 53 days’ half-tide immersion ; 341 days’ atmospheric exposure 


Specimen Portions Embedded in 
one. Type of Steel Concrete 
1 Ordinary Mild Corroded, but much less 
severely than remainder 
2 3% Cu Corroded, but much less 
severely than remainder 
3 Mild 13% Cr No corrosion 
* Rustless Iron’ 
4 18% Cr, 8% Ni No corrosion 
Austenitic Stainless 
5 18% Cr, 2% Ni No corrosion 
6 10% Cr, 20% Ni, with No corrosion 
2% W and 2% Cu 
7 36% Ni No corrosion 
8 24% Cr Corroded, but much less 


severely than remainder 
Tendency to shallow pits 


Whilst barnacles and tube worms were present on 
the surfaces of all the specimens, they were much more 
numerous on specimens 3, 4, 5, 6, and 7 than on 
specimens 1, 2, and 8. The latter were covered with 
a loose brown deposit on which was an occasional 
barnacle. 

Figure 9 is a slightly magnified view of a portion 
of specimens 3 and 7 showing many typical adherent 
barnacles and tube worms. 

During the preliminary mechanical cleaning several 
of the barnacles were carefully detached, and in some 
cases small incipient corrosion pits—none very 
serious—occurred beneath the barnacles; in the 
remaining cases the underlying steel was unattacked. 

After subsequent electrolytic cleaning some con- 
crete remained on all the specimens in the holes and saw 
cuts used as code markings. This, as well as non- 
metallic matter remaining in deep pits on specimens 
3, 4, 5, and 6 was loosened by soaking in cold con- 


Portions Exposed Freely 


Corrosion severe generally but fairly uniform 

A few localized pits 

Deepest pit gin. x ¥ in. x 0-047 in. in depth 

No pits at position of original surface blemish 

Corrosion severe generally but fairly uniform 

A few localized pits, more numerous than on specimen 1 

Deepest pit } in. x 4in. x 0:05 in. in depth 

Irregular corrosion 

Extensive pitted areas on a lightly corroded background 

Deepest pits lj in. x jin. x 0-:19in. deep; }in x jin. x 0-09 in. deep; 
gin. x jin. x 0-19 in. deep 

Deepest pit corresponded with location of original V-shaped surface 
blemish 

Irregular corrosion 

Large and/or deep pits on an uncorroded background 

Deepest pits jin. x 4 in. x 0-16 in. deep ; jin. x 4in. x 0-09 in. deep ; 

* in. x jin. x 0:09 in. deep; 4 in. x 4% in. x 0-16in. deep; 4% in. 

x f in x 0:06 in. deep; 4% in. x jin. x 0:06in. deep; jin. x 4 in. 

x 0:19 in. deep 

One pit was associated with part of a 1-in. long string of original surface 
defects ; rest of string of defects were in a practically uncorroded area 

Irregular corrosion 

Extensive pitted areas on a lightly corroded background 

Deepest pits 1} in. x 4% in. x 0-125in deep; y% in. x in. x 0-19 in. 
deep ; sin. x 4% in. x 0:19 in. deep 

Irregular corrosion 

Very numerous shallow pits on a lightly corroded background 

Deepest pit approximately } in. in dia. x 0-065 in. deep. 

Corrosion slightly irregular and resulting in a shallow mosaic pattern 
generally 

Slightly increased corrosion where steel emerged from concrete 

No localized pitting and no increased corrosion at location of original 
surface blemish 

Corrosion severe generally but reasonably uniform 

No localized pitting 


centrated HNO, and was then removed mechanically 
by light scraping. 

Figure 10 shows the specimens in their cleaned 
condition, a description of their appearance being 
given in Table V, and the loss in weight in Table VI. 


STUDY OF THE RESULTS 
Corrosion at Freetown 


The severity of the corrosion of specimens at 
Freetown, while not readily appreciated from their 
appearance (Fig. 7) or from loss-in-weight figures 
(Table IV), is better understood when it is realized 
that corrosion had been effected over a period of 
only seven months. 

The figures given below show that the rate of corro- 
sion on the mild-steel specimen was more than three 
times that of comparable mild steel exposed to ord- 
inary marine corrosion during the Sea Action Com- 
mittee’s researches at their most severe locations. This 


Specimens Totally Immersed 


Total loss in Weight 
Estimated depth removed, 


Period of Exposure g./1000 sq. cm. 
Estuarine Waters 
Freetown 220 days 192 
Sea Water 
Colombo 5 years 439 
Plymouth bs 501 
Auckland * 386 
Halifax + 364 
Estuarine Waters 
Gulf of Paria 139 days 58 -9* 
6 mth. 117 


Loss in Weight/Yr. 
Estimated depth removed, 


10°* in. g./1000 sq. cm. 10-* in. 
9-65 318 15-90 
22-0 88 4-40 
25:1 100 5-02 
19-3 77 3-86 
18°3 Ts 3-66 
2-95 154 fa" | 
5-85 234 Ut asf 


* Not fully cleaned from corrosion products 
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Table VI 
LOSS IN WEIGHT OF TAKORADI SPECIMENS 
142 days’ total immersion ; 5 yr. 53 days’ half-tide immersion ; 341 days’ atmospheric exposure 
Weight of Specimens Loss in Weight 
Relative 
ee Type of Steel Corrosion 
: Original, After Removal “i (Mild Steel = 100) 
2. of Rust, g. 8. 6 
1 Ordinary mild 1881-0 1629-5 251-5 13-37 100 
2 +% Cu 1895-0 1565-0 330-0 17-41 130-2 
3 Mild 13%, Cr 1855-0 1825-5 29-5 1-59 11-9, 
‘ Rustless Iron’ 
D; 4 18%, Cr, 8% Ni 1904-5 1886 -0 18-5 0:97 7°3 
Austenitic 
ce Stainless 
5 18% Cr, 2% Ni 1853 -0 1832-0 21-0 1-13 8-5 
6 10% Cr, 20% Ni, 1954-5 1925-5 29-0 1-48 11-1 
oA with 2% W,2% Cu 
a. 7 36% Ni 1945-5 1919-0 26-5 1-36 10-2 
‘ 8 24% Cr 1879-5 1600-0 279-5 14-87 111-2 
ce 
ea 
n. material was similarly exposed with its surface freed on much the same lattitude but at some distance 
from rolling scale. from the sea, the corrosion was found to be much 
The corrosion at Freetown was fairly uniform over less.6 The conditions experienced by the specimen 
- the whole 12-in. length of the specimen including the while on the harbour quay at Takoradi were more 
ends contained in the wooden supports, and the whole _ likely to approach those at Colombo. An estimate of 
al area, therefore, has been reckoned in this calculation. a loss of 70-80 g. during atmospheric exposure there- 
The results show further that the conditions at fore seems reasonable. 
Freetown exceed in severity even the already recog- Deducting this from the combined loss of half- 
nized corrosive character of the estuarine water in tide and atmospheric exposure (242-243 g.), the loss 
the Gulf of Paria. attributed to exposure under half-tide conditions at 
; Takoradi would be approximately 160-170 g., corres- 
Corrosion at Takoradi ponding with a rate of 130-135 g./1000 sq. em./yr. 
d Assessment of the conditions at Takoradi is The rates under half-tide immersion at the Sea 
ig rendered somewhat complicated by the varying Action Committee’s stations were 154 g. at Colombo, 
conditions of the exposure. The total loss in weight 91 at Plymouth, 46 at Auckland, and 43 at Halifax. 
of the mild-steel specimen, during total immersion, With due allowances for the method by which the 
half-tide exposure, and atmospheric exposure, was figures for Takoradi have been derived, it would 
251-5 g.; this occurred mainly during half-tide appear that the corrosion under half-tide conditions 
ut exposure. is more or less comparable with that in uncontam- 
ir The initial period under total immersion was com- inated sea water in a tropical climate. 
2g paratively short, and the corrosion which occurred It follows also that the effect, if any, of an acidic 
d does not represent any considerable contribution to constituent in the sea water derived from the sul- 
of the total. The rate of corrosion under total immersion phurous shale in the wharf cannot have been serious 
does not vary greatly with location. Taking again during these trials. 
ie as reference the mild steel used in the Sea Action 
e Committee s marine corrosion research, Its rate of MERITS OF THE VARIOUS STEELS 
i. corrosion at the Committee’s four stations varied 
1- from 73-100 g./1060 sq. cm./yr. On this basis the loss The merits of the various steels can be assessed 
is suffered by the Takoradi specimen in the 142 days from the following summary : 
of total immersion would be 83-93 g. The subsequent 
exposures under half-tide and atmospheric conditions FREETOWN TAKORADI 
Total Immersion Total and Half-Tide Immersion 
would thus account for a loss of 242-243 g. Loss in Weight, plus Atmospheric Exposure 
ry 7-1 7 ; ‘ . ry wre g./1¢ sq. Deepest Loss i Weight, 
The loss during the period of atmospheric exposure —gi.cimen’m yr! pit. nm. g/1000 sq." Deepest z 
/ alone is more difficult to assess since corrosion by No. 8 u cm./yr. pit, mm. y 
sea air varies considerably. At the Committee’s 1 318 a 153 0-047 2-09 
stations it ranged from 325 g./1000 sq. cm./yr. at 2 358 vee 201 se 1-8 
a 4 , Xs ‘ ; os 3 254 0-081 18 0-19 14-1 
Columbo to 12 g. at Halifax, Nova Scotia. For the 4 106 0-161 11°3 0-16 9-5 
Takoradi specimen in the period of 341 days this would 5 180 0-182 12-8 0-19 14 
correspond to the loss of anything between 3 and 6 207 0-073 he 0-065 = 11-5 
7¢ 7 145 se 6 er 9 
5 ‘ 8 207 on 171 nal 1-2 
Corrosion in a hot climate increases enormously 
with high humidity and with the amount of salt 
carried in the atmosphere.® The location at Colombo It is already clear that the steels 3, 4, 5, and 6, 
was outstanding in both respects. At Singapore, containing high percentages of chromium, do not 
JULY, 1950 JOURNAL OF THE IRON AND STEEL INSTITUTE 
B* 








276 MAIN AND ARNOLD : 
offer any useful resistance to the severe conditions 
existing at Freetown, neither, it may be assumed, in 
view of previous experience in the Gulf of Paria, at any 
other tropical estuaries or rivers. Their reaction to the 
conditions at Freetown, in relation to ordinary steel, 
is also relatively worse than at Takoradi. This is 
in part due to the pitting behaviour becoming more 
extensive in area for the same depth of pitting, and 
jin part to the extra corrosion inside the wooden 
supports at Freetown caused by the ‘shielding ’ 
iaction, described later. 

The }% Cu-steel which is free from pitting is rather 
inferior to ordinary steel, to about the same degree 
at both locations. 

The 36% Ni-steel, which at Takoradi had main- 
‘tained its reputation for excellence, at Freetown lost 
isome of this advantage. At Takoradi its corrosion 
iof 10-2° compared with mild steel (see Table VI) 
agrees closely with the 10% to be expected from its 
behaviour under half-tide and total immersion con- 
ditions at Colombo.* Under conditions of total 
immersion, differences between steels are minimized. 
At Colombo, Ni-steel had a wastage of 26°% compared 
with the mild steel, and this increased at Freetown to 
45-6%. Like chromium, an addition of a high per- 
centage of nickel to steel does not therefore appear to 
afford immunity against the estuarine conditions. 
Nevertheless the excellent behaviour of this steel can 
be considered to be well established over a consider- 
able variety of conditions. 

The most interesting practical feature of the results 
is the behaviour of the 24% Cr-steel (No. 8). The 
behaviour of similar steel from trials in ordinary 
sea water in the United States had been favourable.4 
This was not borne out at Takoradi. But in the-estu- 
arine water at Freetown, its loss is only two-thirds that 
of mild steel. Whether this is a sufficient advantage 
for any practical use in harbour structures or craft, 
is for the engineer to decide. The mechanical proper- 
ties of the steel are excellent, the yield strength 
being 26 tons/sq. in., and elongation of the order 
of 40°,. It is capable of being worked into any desired 
forms by rolling or forging. It may, perhaps, be 
suitable for members and components of structures 
where repairs and replacements are difficult because 
of inaccessibility. 

An explanation of the abnormal corrosion experi- 
enced at Freetown may, as already stated, be 
the direct action of acids produced by decaying 
vegetation brought down by the river flood waters. 
H. W. Dougall of the Department of Agriculture, 
Sierra Leone, has shown’ that another important 
factor may be the drainage and seepage water from 
the laterite soils surrounding Whiteman’s Bay. 

Samples of sea water from the Freetown exposure 
site and from the drainage water entering the bay 
gave positive iron reactions with potassium thio- 
cyanate. This suggests that, by the natural process 
of the sea water breaking against the laterite reef, 
iron is constantly brought into solution. Although 
an increase in hydrogen ion concentration increases 
the corrosion of iron, the presence of acid is not essen- 
tial to initiate the attack. Dougall suggests that 
corrosion at the Freetown site was caused by carbonic 
acid released by the oxidation of ferrous bicarbonate 
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to ferric oxy-hydrate. The ferrous bicarbonate is 
formed by the action of free carbonic acid on the 
ferrous iron. This continuous cycle may be consider- 
ably activated by the sodium chloride present in the 
water. 

At Takoradi, as mentioned earlier, seepage from 
the highly sulphurous shaly soil had little or no 
effect on the corrosion of the steel specimens. 


OPERATIVE FACTORS IN THE CORROSION 
Molluscs 

The influence of adherent molluscs on corrosion 
was studied by Dr. Newton Friend during the Sea 
Action Committee’s Research.' Their effect was 
mainly to retard corrosion, depending on. thé thickness 


of the layer built up. Many variations in the rate of 


corrosion could be explained by the protection thus 
afforded either continuously or with periodical changes 
in the rate of accumulation or detachment of the 
molluses. The conclusion confirmed the experience 
of harbour engineers.’ The engineers’ observations, 
however, indicated that in some cases a particularly 
bad form of pitting occurred under the molluses. 
Reference is made to these later. 

The presence of molluscs thus presents a variable 
factor in marine exposure tests. So far as they 
represent the usual amount of accumulation at the 
particular location, the results of an exposure test 
are representative of the performance to be expected 
from steel there. There are often, however, periodical 
or seasonal changes in the rate of accumulation and 
detachment. 

On the Freetown specimens the deposit was not 
heavy and it only appeared in the later stages when 
the water was less corrosive. The conditions in the 
test in this respect, therefore, were probably represen- 
tative. 

At Takoradi, in the short initial period of exposure 
the specimens became covered, but the deposit was 
removed before re-immersion. At the new site the 
deposit was not heavy. 

The molluscs were more numerous on all the highly 
alloved specimens than on the others, (p. 274), 
probably because all these highly alloyed specimens 
were much less rusted, and thus provided a_ better 


hold. 


Corrosion by Shielding 

The greater severity of the corrosive attack on 
the portions of the Freetown specimens inset into the 
wooden supports, had also been noted in earlier 
exposure tests in river water.* 

It is well established that in crevices allowing 
access to the corrosive agent, but restricting its free 
aeration, corrosion is accelerated. An electrolytic 
cell is set up in which the metal in the crevice becomes 
anodic to the surrounding metal exposed to the more 
aerated liquid. Acid extracted from the wood by the 
sea water may also have played a part. Certain kinds 
of timber, both hard and soft, contain acids, including 
carbonic, formic, and acetic which under moist con- 
ditions can be corrosive to metals. Among these 
timbers are oak and sweet chestnut, also western 
rel cedar and occasionally Douglas fir. The authors 
do not know whether the Nigerian Agba timber is 
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in this category ; it would seem unlikely, however, 
since the high-chromium steels which were most 
severely attacked at the end inset in the wood, are 
essentially acid-resisting steels; also the low- 
alloy steels and the high-percentage nickel steel were 
not substantially more corroded on the parts inserted 
in the wood. 

It is therefore more probable that the greater 
attack observed, particularly with high-chromium 
steels, is caused by the setting up of an electrolytic 
cell (corrosion by * shielding ’). 

This shielding effect causes severe pitting of high- 
chromium steel in sea water, although pitting has 
been attributed to blemishes or defects in the surface 
of the steel before exposure. 

Any porous deposit on the steel during exposure 
can act as a centre of shielding and form a corrosion 
pit. Similar behaviour is shown by these steels in a 
moist, particularly an acidic, atmosphere, where, if 
dust particles are not removed periodically, pitting 
results. 

A blemish if sufficiently deep and narrow can, 
presumably, act similarly. Most of the extensive 
pitting occurred on surfaces free from any original 
blemish. In four cases out of six, there was no local- 
ized corrosion at the position of original defects, 
but two of them, specimens No. 8 (Freetown) and 7 
(Takoradi), were not subject to this severe pitting. 
On specimen No. 3 (Takoradi) the position of an 
original defect was completely occupied by a deep 
pit. In specimen 4 (Takoradi), part of the defect, 
1 in. long, was found to be unassociated with any 
preferential corrosion, but the remainder was enlarged 
into a deep pit. 

This suggests that initial surface defects may 
promote subsequent pitting in the high-chromium 
steels, but extensive pitting can occur without them. 


Corrosion by Sulphate-Reducing Bacteria 

The possibility of the action of sulphate-reducing 
bacteria in some cases of marine corrosion does not 
appear to have received sufficient attention, although 
there have been definite indications that these bac- 
teria play a part. The cases are, however, probably 
limited in number compared with the ordinary type 
of corrosion by oxidation. 

The presence of a black sulphide, rather than of 
ordinary oxide rust, at the corroded surfaces or 
pits, in locations where there is no obvious source 
of sulphur other than the sulphates contained in the 
sea water, may be an indication of corrosion by 
sulphate-reducing bacteria. 

Bad pitting of the under-water steel members of a 
wharf at Kowloon, Hong Kong® (p. 234), was observed 
in 1920; many of the pits contained a black powder 
definitely identified as a sulphide, assumed to be that 
of iron. At the time, the activities of the sulphate- 
reducing bacteria were little known or recognized, 
although pitting was attributed to some form of 
marine growth which evolves sulphuretted hydrogen. 

A coating of black scale on the wrought iron under- 
water members of a wharf at Singapore was also 
identified as sulphide’ (p. 230). At both Kowloon and 
Singapore the sulphide deposit was found under a coat- 
ing of marine growth, which, as previously mentioned, 
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is not therefore always protective. This special form 
of corrosion in unpolluted sea water has since been 
attributed to sulphate-reducing bacteria. In sea water 
polluted by sewage excessive corrosion can also 
occur owing to the existence of sulphuretted hydrogen 
which may not necessarily require the agency of these 
bacteria for its formation. The severe corrosion, in the 
Gulf of Paria, of the steel tank mentioned earlier 
may not be caused by bacteria, since a ready supply 
of sulphide in the form of pyrites existed on the sea 
bed on which the tank rested. 

A black corrosion film, as distinct from brown or red 
rust, should not be taken as an indication of bacterial 
action, even in the absence of pollution, unless the 
presence of sulphide has been confirmed. Films found 
under the layer of molluscs on some of the Sea Action 
Committee’s specimens were identified by Dr. Newton 
Friend! as a hydrated oxide of iron, there being 
apparently sufficient access of oxygen between the 
molluscs to enable this restricted type of corrosion to 
proceed. 

The graphitization of cast iron in sea water is a 
common experience and, unlike that of cast iron buried 
in certain soils,!°is probably in most cases unconnected 
with bacterial action. It can occur in fresh water 
free from sulphates as well as in sea water. On the 
Sea Action Committee’s specimens the corroded layer 
was found to be a mixture of graphite and oxide. 

There is, however, a certain point of difference 
between the more common cases such as these and 
some other examples of graphitization. The graphi- 
tized layer on the Sea Action Committee’s bars became 
hardened on exposure to the air. In this respect they 
behaved in the same way as some old cast iron cannon 
balls fished up at Holyhead which hardened on 
exposure to the air to such an extent as to be 
capable of further use as ammunition® (p. 35). 

On the other hand, cast iron cannon balls dredged 
up from the sea bed in the Liffey estuary’ (p. 45) 
disintegrated on exposure to the air. The reason tor 
the different behaviour is net altogether clear, 
although bacterial action is not necessarily involved. 
The possibility of sulphide corrosion due to pollution in 
the case of the Liffey cannon balls is likely. Their 
behaviour is very similar to that of the steel tank 
brought up from the bed of the Gulf of Paria. A 
tendency for cast iron specimens to disintegrate in 
the graphitized layer on exposure to the air, where 
marine corrosion had occurred under oxidizing 
conditions has, however, been observed.? 


Cavitation Pitting 

Xeference has been made to small blisters, with 
underlying cavities, found on specimen No. 6 (con- 
taining 10% Cr, 20% Ni, and smaller additions of 
W and Cu) after exposure at Freetown. Blisters 
had previously been observed by the authors on a 
specimen of another high-chromium-nickel steel after 
immersion in Southampton Water. 

The nature of the action producing these cavities 
appears to be a distinct departure from the regular 
process of pitting by anodic action. With the deepen- 
ing of such pits, and especially with subsequent attach- 
ment of marine growths, the supply of oxygen can 
become very restricted, resulting either in the forma- 
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tion of the lower oxide of iron or production of favour- 
able conditions for any bacteria present. The swelling 
of the deposit in the cavities due to its oxidation in 
the air would be consistent with either. The identifi- 
cation of the deposit, not possible in this case since 
chemicals had already been used to clean the speci- 
mens, would determine the nature of the attack. 
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HistoricaL Note No. 23 


The Rise of the English Iron Industry 
between 1550 and 1650 


By Dr. H. 


LIST indicating ‘* The particular valew of certayne 

necessary and unnecessary wares ”’ imported into 

the port of London “the overquantyte wherof 
most lamentably spoyleth the Realme yearlye,” was 
compiled in 1559/60.1 The monetary value of the 
imported goods is shown against each item. The first 
place in this list is taken by “lynnen clothe ” at the 
value of £61,673 10s. 4d.; it is followed by canvas, 
with £39,072 10s. Od., oil, with £38,020 13s. 4d., and 
wine from France, with £36,210. The annual import 
of iron was valued at £19,559 10s. Od., but combined 
with steel valued at £2920 and iron wares such as 
knives, nails, needles, pins, and wire, the annual value 

’ Public Record Office, State Papers Domestic. 
Elizabeth, vol. 8, No. 31. 

* Historical Manuscripts Commission, ‘“ Report on 
Manuscripts in Various Collections,” vol. II, pp. 193- 
204. London. 1903. 

* This statement is supported by a contemporary 
writer, Thomas Fuller, who, in his ‘ History of the 
Worthies of England,” vol. III, p. 97, London, 1662. 
pointed to the great quantity of iron made in Sussex 
= whereof much used therein, and more exported thence 
into other parts of the Land, and beyond the Seas.” 
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amounted to £38,417, thus being second to the largest 
item. This signifies the great demand for imported 
iron, iron ware, and steel still existing at that date. 

A century later, in the time of Cromwell’s Pro- 
tectorate, an Englishman named Henry Belasyse 
reported on his travels in England. His impressions 
were laid down in April 1657 in “‘ An English Traveler’s 
First Curiosity: or The Knowledge of his owne 
Countrey.”? In his list of the “ Comodityes” of 
England, he assigned the first place to cloth, which is 
“ chief and first ” in his opinion. ‘‘ Next,” he con- 
tinued, “is tinn or pewter.” There is no reference 
to steel; but on iron, which had become an article 
of export? in contrast to the preceding century, he 
reported favourably by saying “ For even iron too 
which locks up all other treasures, comes out of 
England.” Of iron ware, he extolled English knives 
by saying ‘“ We have excelent beefs of meat, and 
knives to cut them with all.’”’ 





Manuscript received 28th December, 1949. 
Dr. Schubert is Historical Investigator to The Iron 
and Steel Institute. 
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Forged Steel Rolls 


A REVIEW OF THEIR APPLICATION AND MANUFACTURE 
By A. H. Waine, Assoc.Met.. A.I.Mech.E., F.1.M. 


SYNOPSIS 


The general application of forged steel rolls, their potentialities, and advantages over chilled iron rolls are 
discussed., The three main groups of forged steel rolls, carbon steel, semi-hard alloy steel, and hardened 
steel, are dealt with separately, their methods of manufacture and particular applications in the hot and 
cold rolling industries being described. Hardened steel work rolls are considered in detail, and particular 
reference is made to the value of hardenability tests for their heat-treatment. 

The use, calibration, and maintenance of the scleroscope for determining the surface hardness of rolls 
is considered, and attention is drawn to the recent advances in technique which have enabled rolls of 
100-103 ‘C’ Shore body hardness to be manufactured for high-class finishing purposes. 

The high precision craftmanship required for the grinding and finishing of the hardened rolls is reviewed. 
Some unusual examples of failures in service are presented. 


Introduction 


rolls has become increasingly important to both 

manufacturers and users, and perhaps as much 
attention has been devoted in the alloy steel industry 
to their successful development as to any other single 
product, excepting those which were required directly 
or indirectly for the prosecution of war. The advent 
of large reversing and continuous strip mills gave 
added impetus to the demand, and the urge for in- 
creased quantities and improved quality has contribu- 
ted to the progress made. Four-high mills, cluster 
mills, and multi-high mills in general, employing roller 
and similar bearings, made possible heavier reductions 
at each pass, larger unit coil weights, higher speeds, 
thinner gauges, and rolled stock of more uniform 
thickness across its width, at the same time main- 
taining or improving its resultant metallurgical and 
superficial properties. 

These increasingly exacting demands created new 
problems for roll makers but they also presented oppor- 
tunities for research and development, which have 
been utilized with gratifying results. Nevertheless, 
there still exists no satisfactory means of observing 
or recording the intensity of loading which may be 
developed on roll surfaces during all stages of rolling 
operations, as distinct from overall or average loading 
of the mill. If such means became available, it should 
be possible to develop corresponding safety devices, 
and many disappointments experienced by both 
maker and user would be avoided. 

The sheet and strip rolling industries are turning 
more and more to forged steel rolls, which have 
characteristics rendering them superior to chilled 
iron over an ever-widening field. Their greater resist- 
ance to the propagation of heat cracks and increased 
torsional and bending strength with consequent 
greater freedom from journal rupture, explain their 
more extensive employment for the hot rolling of 
aluminium, aluminium alloys, copper, and copper- 
base metals. Forged steel rolls of uniformly high 
intrinsic body hardness also offer greater resistance 
to wear, indentation, bruising, tail marking, and other 
similar manifestations, whilst their capacity to assume 
highly durable and reflective surfaces is too well known 


| recent years the subject of forged steel 
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to require further comment. The higher modulus 
of elasticity, higher hardness, and higher proof 
stress obtainable from hardened forged steel rolls 
permit heavier working pressures without permanent 
deformation of the roll surface, diminish the wearing 
of the working surface, and reduce the frequency of 
roll changing and reconditioning by grinding. 

The field of their application is very wide, and 
forged steel rolls range from the familiar carbon- 
steel types for hot cogging and roughing operations 
to complex alloy types ; from the small wire jewellery 
and pen rolls weighing a few pounds to those weigh- 
ing up to 40 tons or more; from those rolling steel, 
copper, brass, aluminium, light alloys, nickel-silver, 
and precious metals to those used for masticating, 
calendering, and mixing in the rubber and plastics 
industries. The main features and properties of these 
various types will be considered under the convenient 
headings of (a) carbon steel rolls, (6) semi-hard alloy 
steel rolls, and (c) hardened steel rolls. 


CARBON STEEL ROLLS 


Forged carbon steel rolls are used mainly for the 
hot manipulation of iron and steel from the ingot 
stage down to bars, billets, etc., and for straightening, 
piercing, galvanizing, and tinning operations. They 
are also used in the textile industry, and for engraving 
and embossing. 

The rolls are generally made from open-hearth’ 
quality steel, and the desired tenacity is usually 
obtained by the selection of a suitable carbon content 
within the range 0-4-0-9%, the manganese content 
remaining fairly constant within the limits of, say, 
0-4 and 1-:0%. After being annealed to facilitate 
machining they are normalized in the rough machined 
condition, and, depending on the chemical analyses, 
the tensile strengths range from 25 to 60 tons/sq. in., 
corresponding to about 25-45 Shore scleroscope 
hardness. 





Manuscript received 19th March, 1949. 

The Paper is based on lectures given to the Newport 
and District Metallurgical Society and the Sheffield 
Metallurgical Association. 

Mr. Waine is a Local Director of Messrs. Hadfields 
Ltd., Sheffield, and is Technical Manager and a Director 
of Hadfields Foundry and Engineering Co., Ltd. 
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Tin house rolls, however, having somewhat higher 
carbon contents, are fully annealed in order to obtain 
coarse lamellar microstructures, whereas those of the 
Jackmanized type are case carburized. 


SEMI-HARD ALLOY STEEL ROLLS 


This somewhat broad group may be subdivided into 
three principal categories, the operating conditions 
of each forming a convenient medium of demarcation. 
They are employed for (i) hot rolling flats and sections, 
(ii) cold preliminary rolling of non-ferrous materials, 
and (iii) as ‘ back-up’ or support rolls. 


Hot Rolling Flats and Sections 


The hot-rolling operations usually consist of reduc- 
ing non-ferrous metals, which have been previously 
heated in slab ingot form to temperatures between 
about 400° and 900° C., the chief materials concerned 
having either aluminium or copper as their base. 

The tendency of aluminium to be ‘hot short ’ 
restricts the rolling temperature to about 500° C., 
and experience has shown that roll body hardness 
values of 70-75 Shore have been satisfactory for work 
of this type, pure aluminium being inclined to adhere 
to the surface of rolls of lower hardness. This hardness 
level has been found to offer adequate resistance to 
indentation of the roll surface without sensibly in- 
creasing the susceptibility to mosaic cracking. 
However, where the rolling reduction at each pass 
is unusually heavy and more favourable to mosaic 
crack formation, a Shore body hardness of 50-55 has 
been found to be more suitable, particularly in those 
cases where reconditioning is relatively infrequent. 

Hot rolling of Alclad and the harder aluminium 
alloys such as duralumin present other formidable 
problems because of the still lower working tempera- 
tures employed and the work-hardening properties of 
these alloys, causing much higher rolling pressures to 
be developed, particularly during the final passes. 
Expeditious rolling and rigid adherence to correct 
rolling temperatures are therefore of primary impor- 
tance. Within reasonable limits, mosaic cracking of the 
roll surfaces is acceptable in practice and disappoint- 
ments in regard to the severity of roll surface crack- 
ing have been confined almost entirely to reversing 
mills. Thorough inspection and reconditioning are 
necessary, however, before the cracks become suf- 
ficiently deep to initiate spalling. 

Forged steel rolls are also eminently suitable for 
the hot rolling of copper and its alloys, and although 
surface cracks are not inhibited entirely, the success 
which has been achieved has indicated an important 
field of application. By suitable control of rolling 
conditions and effective cooling, it is possible to delay 
sufficiently the propagation and development of 
hot cracks of the type shown in Fig. 1. When periodic 
rectification of the rolls, either by grinding or by 
aligned mechanical scouring, is carried out, a roll- 
body hardness of 50-55 Shore scleroscope has proved 
satisfactory. The relatively low surface hardness 
requirements for these rolls permit a wide choice 
in the type of steel to be used. High-carbon—chromium, 
chromium -nickel, chromium-nickel—-molybdenum, 
and chromium—molybdenum—vanadium steels have all 
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been successfully employed after suitable hardening 
and tempering to the desired hardness level. 

Small rolls required for the hot rolling of molyb- 
denum and tungsten metals are manufactured from 
highly alloyed steels similar in many respects to those 
frequently employed in the manufacture of tools. 
High strength and resistance to tempering at elevated 
working temperatures are necessary, and for this 
purpose 1-5% C-12% Cr steel rolls, with a body 
hardness of about 70-75 Shore scleroscope, have 
proved satisfactory. 

Cold Preliminary Rolling of Non-Ferrous Materials 

Rolls of this type should be robust and capable 
of withstanding heavy mechanical and thermal 
shocks. 

The breaking down of thick slabs is performed 
generally in 2-high or 3-high mills, and, depending on 
the thickness, hardness, and width of the slab, the 
hardness of the roll bodies may lie between the limits 
60 and 90 Shore scleroscope. Rolls at the lower 
end of this hardness range are used for preliminary 
cold breaking-down operations which precede the 
‘ getting-ready ° stages, where higher body hardnesses 
of up to 90 Shore are necessary. As with rolls for 
hot-rolling processes, there appears to be no uniformity 
between different makers in the choice of the chemical 
composition of the steels for these rolls, although 
carbon—chromium and chromium-nickel steels, with or 
without the additions of molybdenum and vanadium, 
are generally provided. 

Steel made by the acid open-hearth or basic electric- 
are process is usually employed. This is forged and 
appropriately annealed to facilitate machining and 
to inhibit the formation of hair-line cracks. It is 
then hardened by quenching in oil, water, or other 
suitable medium, before being tempered to the 
desired surface hardness. For obvious reasons the 
finished roll-body surfaces are not usually highly 
polished. 

Back-Up Rolls 

This class of semi-hard alloy steel rolls is becoming 
increasingly important in mills rolling both ferrous 
and non-ferrous materials. Their main purpose is to 
load and support against deflection the much smaller 
work-rolls, the ratios of their respective diameters 
generally being 2:5: 1 to 3-0: 1. The largest one- 
piece types are frequently made as castings, but they 
are also being produced successfully from forgings. 
The composite types, generally of diameters exceeding 
about 35 in., are made from forged-steel sleeves 
assembled on forged and heat-treated steel shafts. 
The assembly of the component parts demands high- 
precision workmanship, to avoid either overstressing 
of the sleeve, with resultant longitudinal splitting, 
or, alternatively, independent rotation of the two 
components, which may lead to enlargement of the 
interior of the sleeve and premature failure by fatigue. 
The higher modulus of elasticity and proof stress 
of forged and heat-treated alloy steel sleeves as 
compared with chilled or alloyed iron is, without 
doubt, a major factor contributing to their success. 
Their stronger and more homogeneous structure 
probably explains their superiority over cast steel 
sleeves. 
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Both the one-piece rolls and the forged steel sleeves 
are made of high carbon—chromium, nickel-chromium, 
or nickel-chromium—molybdenum type steels. They 
are oil or water quenched before being tempered to 
the desired hardness, which may lie between 45 and 
75 Shore, and even as high as 95 Shore for very small 
cluster mills. In general terms, the smaller the dia- 
meter of the back-up roll the higher is its surface 
hardness. The forged shafts, depending on their 
size, are generally made from open-hearth steel of the 
En 10, En 12, or En 24 types, which are heat-treated 
by oil or water quenching and tempering to provide 
a tensile strength of about 40-50 tons/sq. in. 

The merits of the composite design employing 
forged steel sleeves are well established both in hot 
and cold mills, and nearly all the premature failures 
which have occurred in service have been associated 
with faults in design rather than with metallurgical 
characteristics. 

In addition to the foregoing types there are also, 
within this particular group, reeler rolls for the 
straightening of bars, sections, etc. and the very small 
and slender leveller, pinch, and flattening _ rolls 
which are extensively used in both the ferrous and 
non-ferrous sheet and strip industries. 
their proportions, the latter are sometimes given their 
hard surface by carburizing, flame hardening, or 
nitriding. Where, however, greater hardness penetra- 
tion and uniformity of surface hardness are required, 
as is frequently the case with the larger types, con- 
ventional forged high carbon-chromium type rolls 
are used. There are also the specially designed semi- 
hard forged steel rolls which are employed for rubber 
and plastics preparation (Fig. 2). Those for crushing 
and briquetting purposes are made in composite 
form, and examples of the alloy steel shells employed 
are shown in Fig. 3. 

HARDENED STEEL ROLLS 

These are mainly employed as work-rolls for the 
finishing stages in all types of cold-reduction mills 
and are, in effect, the fulerum upon which the modern 
cold-rolling industry turns. Among the products 
ultimately manufactured from the materials which 
pass through them are dead-mild steel sheets for 
canning, motor-car bodies, and deep pressings gen- 
erally ; stainless steel sheets for kitchen and decora- 
tive purposes and for the food and chemical industries; 
silicon steel sheets and strip for the electrical industry ; 
high-carbon steel strip for razor blades and delicate 
springs ; aluminium sheets and strip for housing, 
coachwork panels, light constructional purposes, 
and domestic utensils ; foil for food, confectionery, 
and tobacco packing ; brass, bronze, and copper strip 
for the automobile, electrical, utility, and semi- 
luxury industries ; zinc strip for batteries, strip for 
coinage; and silver and_nickel-silver for spoons 
and forks. 

Manufacture 

The successful manufacure of hardened steel 
rolls demands the application of the highest metallur- 
gical skill and the rigid application of previously 
established techniques on specialized plant. They 
are required to have uniformly hard surfaces, of 
maximum intrinsic hardness with freedom from harm- 
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ful non-metallic inclusions, pinholes, and blemishes. 
They should have adequate depth-hardness to resist 
‘tail marks’ or other surface deformations caused by 
entry and exit of the strip, and they should also 
have a quality which might be termed ‘ polishability.’ 
The journals, except in a few isolated instances, 
are required to be tough and suitable for withstanding 
severe torsional and bending stresses. A further 
property recently demanded by the continuous steel- 
strip mills is that the hardened body of the roll should 
be capable of being effectively shot-blasted, in order 
that a mat finish may be imparted to the rolled strip. 
Such surfaces enable block-annealing of the strip to be 
carried out at higher temperatures so as to attain 
the necessary physical properties for deep pressings. 
In addition, superficial cold work can be effected on 
tin plate in skin-pass mills, prior to its final pass 
through polished rolls. 

Hardened steel rolls are therefore regarded as 
very specialized products, and, although they were 
first introduced commercially in Germany over 100 
years ago, developments in mill design in recent years 
have been far more rapid in the United States. 
The whole-hearted co-operation of British mill 
users in extending facilities for close contact with 
operating conditions has enabled the technique 
of roll manufacture in this country to keep pace 
with these changing conditions, and, on quality 
grounds alone, British rolls have gained valuable 
export markets. As an example of the results achieved 
by this co-operation Graeff states that ‘ speedy 
progress has been made by the English Roll Makers 
and they are today supplying a large portion of the 
rolls used at Ebbw Vale.” * 

The work rolls in the two large continuous mills 
operating in this country have a body diameter of 
about 20 in., and body length ranging from about 
40 to 60 in. They represent, however, only a very small 
proportion of the hardened steel rolls manufactured 
annually in this country, and the correct perspective 
can only be obtained by appreciating that all sizes 
up to diameters of about 30 in. are produced. The 
small work-rolls operating in a mill of the Sendzimir 
type presented a manufacturing problem of their 
own, the floating back-ups producing conditions of 
loading and deflection of unusual severity. Those 
employed in Steckel mills require individual con- 
sideration, and those required for rolling aluminium 
foil of thicknesses of the order of 0-00015 in., and 
having a most attractive lustre, are probably the 
hall-mark of successful roll manufacture. 

The large variety of design, size, and type used 
by the rolling industries therefore precludes manufac- 
ture being carried out on a repetition basis, and each 
roll of a pair of rolls has to be dealt with throughout 
as a separate unit. 

Materials—Most hardened steel rolls are made 
from cold charges in basic electric-are furnaces, 
although the acid open-hearth and high-frequency 
induction processes, as well as the duplex method, 
are also employed. High carbon—chromium steels 
are universally used, the carbon content being 





*S. E. Graeff: Proceedings of the South Wales Institute 
of Engineers, 1948, vol. 63, pp. 159-211. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





282 WAINE : FORGED STEEL ROLLS 


generally between 0-7 and 1-0%, and the chromium 
content between 1-0 and 2-0%, the amounts and 
ratio of these two elements depending on the size 
or hardness characteristics of the finished roll. The 
inclusion of small amounts of molybdenum, vanadium, 
and perhaps nickel, is peculiar to individual manu- 
facturers. The sulphur and phosphorus contents are 
kept as low as possible to reduce the undesirable 
features associated with non-metallic inclusions. 

The selection of the raw materials employed 
is of primary importance, and the charge may include 
high-grade iron with or without clean selected steel 
scrap. Preheating of the ferro-alloys and other 
materials is frequently carried out to prevent hydrogen 
pick-up and subsequent manifestation of hair-line 
cracks. A rapid carbon boil, the complete removal 
of the oxidizing slag or slags, and a sufficiently long 
refining period, are all considered to be essential. 
The employment of immersion thermocouples ensures 
accurate control and reproducibility of the tapping 
and casting temperatures. 


Moulds—Round or fluted octagonal ingot moulds 
are favoured, the dimensions varying generally in 
accordance with the desired proportions of the roll 
forgings. The dimensions of a few typical ingots 
are shown in Fig. 20. 


Stripping—Except for the smallest ingots, which 
are more conveniently annealed before reheating 
for forging, all are stripped hot and transferred 
immediately to reheating furnaces, where they are 
heated directly, or submitted to intermediate ‘ step- 
ped’ treatments before being raised to the forging 
temperature. 

Forging—Whilst small rolls may be forged under 
steam hammers, all above a finished diameter of about 
8 in. are forged under heavy presses, ranging from 
1000 to 6000 tons capacity. Various methods are 
practised, all having the same objective, namely, to 
break down the original cast structure and to ensure 
that the whole cross-section has been now 
hot-worked effectively. The forging ae | 
reduction applied to the body portion 


of the roll is seldom less than 1 to 23, a 2 


whereas for the journals, which are y-3" * 
formed at the same time, the ratio dia. 





2'- 











2-11" dio. _ 


is much higher. — 


19 


Annealing—When the forging oper- 
ations are unduly prolonged and 
several heatings are necessary, inter- 
mediate annealing is frequently car- 
ried out. Rigid control is exercised 
over the heating cycles, the full 
range of forging temperatures, and 
the scheduled forging procedure. The 
completed forgings are then trans- 
ferred, whilst still hot, to the anneal- 
ing furnaces, although small forgings 





7—8" 











Machining—The forgings are rough machined, 
and suitably bored or trepanned axially, the latter 
having the advantage of providing material for 
hardenability and general laboratory control tests 
of a comparative nature. 


Normalizing—The microstructure of the rough 
machined forgings is then refined and made more 
responsive to final hardening by normalizing, or by 
oil or water quenching, followed by tempering, 
the actual procedure adopted depending essentially 
on the type and size of roll and the ultimate journal 
hardness required. After further machining the rolls 
are ready for the final hardening operation. 


Hardening Operations 


Although some methods of hardening depend 
almost entirely on the skill of the operative, more 
reliable and consistent results are obtained either 
by employing specially constructed furnaces for heat- 
ing only the roll body portion, or by protecting the 
journals and connecting radii with insulating materials, 
such as asbestos or refractories encased in steel sleeves. 
The whole assembly is then heated in horizontal 
or vertical gas-fired or electric furnaces. To prevent 
flame impingement on the roll surface, the hardening 
furnaces are usually lined, and the furnace atmos- 
phere is suitably controlled to avoid undue oxidation 
of the roll surface. A roll prepared for hardening is 
shown in Fig. 4. 


Quenching—The choice of quenching medium, and 
the maintenance of its correct temperature through- 
out the whole of the quenching operation, naturally 
depends mainly on the characteristics of the material 
being hardened and the intrinsic hardness to be 
attained. For fully hardened rolls, vigorously agitated 
water or a suitably concentrated solution of caustic 
soda or brine is pumped into flush tanks, or through 
submerged jets, sprays, or perforated coils, to ensure 





























= | 1-$° 
’ dic 


[-3? 


z=10° | 

















may be cooled in sand. Subsequent - 
annealing cycles are designed to suit ) ar 
the particular mass involved, and 
have the dual object of inhibiting the 
formation of hair-line cracks, and of 
facilitating machining by correct 
spheroidization of the carbides. 
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Fig. 20—Typical ingots used for the manufacture of forged steel rolls 


Type Octagon Octagon Octagon Round 
Normal weight, tons 14 10 4 1 
Top 3 ft.4in. 3ft.3hin. 2ft.2?in. 1ft.8in. dia. 
Bottom 3ft.1lin. 3ft.O¢in. 1ft.10}in. 1 ft. 34 in dia. 
To 2ft.1llgin. 2ft.llin. 1ft.10}in. 


P 
Bottom 2ft.9in. 2ft.8sin. 1ft.7}in. — 
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ee ee eee SCLEROSCOPE HARDNESS DISTANCE FROM OUTER SURFACE, in 
id —— wee ages gt Fig. 21—Relationship of roll tem- Fig.22—Hardness penetration curves 
re eine erature will not exceed about pering temperatures to ‘C’-type of fully hardened forged steel 

180° C., and for large rolls the  scleroscope hardness rolls 
” appropriate tempering cycle may be 
8 repeated several times. Figure 21, which has been desirable for rolled products of the highest quality, 
- prepared from data accumulated from a number of such as aluminium sheet, aluminium and copper foil, 
8, types of steel in roll form, shows the approximate _ nickel-silverand stainless steel sheets. Some hesitancy 
c relationship of tempering temperature to ‘C’-type was apparent in accepting their suitability for service, 
al scleroscope hardness. because of the expectation that the increased surface 
at hardness would be accompanied by increased sensiti- 
1B Surface Hardness vity to surface damage by ‘ burning.’ These fears have 
i Surface hardness tests are carried out by specially proved to be unfounded, and in those mills where 
= hardened and selected files, by diamond pyramid correct operating cambers are rigorously maintained, 
- indentation in the case of relatively small rolls and, improved resistance to dimpling and tail-marking 

more generally, by scleroscope rebound. The ‘C’ effects has been particularly significant. Recent pro- 
d type of scleroscope being more consistent, and corres- duction of forged steel rolls of this type in this country 
™ ponding more closely to the original Shore scale, has, in fact, marked a distinct advance in the tech- 
ly is favoured in this country, although the ‘D’ or nique of hardened steel roll manufacture. 
al recording instrument shows some advantages where Hardened steel rolls are capable of having their 
ye skilled staff and suitable facilities for maintenance surface hardness increased still further by cold work. 
d and calibration are not readily available. The The highest values recorded by the author on rolls 
ic Schuchardt and Schutte is another type of rebound work-hardened by service, ranged between 113 and 
h instrument used on the Continent, but it has the 117 ‘C’ scleroscope, and were determined on small 
re same disadvantages as those of the ‘D’-type instru- rolls which had been cold rolling precious metals 





ment in giving results over a rather wide scatter band. 

Although the scleroscope rebound method may 
not be an entirely satisfactory means of hardness 
determination, its portable, accessible, and non- 
destructive features commend its use in roll produc- 
tion, provided care is taken in maintenance and 
calibration. Standard blocks of known hardness 
levels are normally used for calibration purposes, 
although it is not unusual for roll makers to put aside 
a few rolls of convenient size for routine reference 
purposes. In the works with which the author is 
associated these have been further supplemented 
by a ‘master’ standard of the same type, which 
has been in use for more than 30 years. By these 
means, accurate and rigidly controlled calibration 
is secured, and in practice no instrument is put into 
operational use until it has conformed with these 
standards. 

The question of the most suitable roll surface hard- 
ness level has been discussed in general terms for 
each group of rolls previously considered, and in 
each case the operating conditions were the primary 
controlling factor. Similarly, within the present 
group, experience has shown that hardness values 
of the order of 100-103 ‘C’ scleroscope, or about 
105-110 as determined by the recording ‘ D’ type, are 
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for a long time. 

Grinding and Polishing—When inspection tests have 
established that the desired hardness characteristics 
have been obtained, the rolls are passed to the machin- 
ist, whose responsibilities have greatly increased 
in recent years. Fine precision limits, accurate con- 
centricity, symmetrical cambers and improved surface 
finishes are as necessary for the success of modern 
cold rolling operations as metallurgical features. 
They have, in fact, raised the operation of roll grinding 
to a highly specialized art. Unanimity is rarely found 
on the merits of particular machines or grinding wheels 
and, as there are no recognized standards governing 
surface finish, it is inevitable that confusion occasion- 
ally arises unless the desired finish is related to the 
specific work required from the rolls. An example 
of the highly reflective surfaces obtained by grinding 
and polishing with a 500-grit wheel is shown in Fig. 5. 
It should be emphasized, however, that lustre is 
not in itself a reliable indication of surface perfection, 
and in many operations it is essential that a fac- 
simile of irregularities on the roll surface is not re- 
produced on the strip or sheet. 

The choice of coolant is mainly one of individual 
preference, soluble oils usually being employed where 
soft water is not available. The cleanliness of all 
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coolants, however, is imperative, and_ specially 
designed filters and magnetic extractors are frequently 
utilized. 

It is essential that the grinding machine and spindle 
should be robust, and sufficiently rigid to avoid 
all traces of chatter or vibration. The grinding wheels 
must be truly dressed, correctly balanced, and suitably 
graded. Light cuts with soft but free-cutting wheels 
are necessary in order to avoid local overheating or 
burning of the hardened roll body. Figures 6,7, and 8 
illustrate the damage brought about by incorrect 
and heavy grinding, as revealed by a 5% nital etch. 
It was possible to assess from the known speeds and 
feeds operating at the time, that the whole of the 
damage shown in Fig. 9 was done in less than } sec. 
The darkly etching areas become apparent because of 
the different response to the etching reagent of the 
softer troostite to that offered by the surrounding and 
harder martensite. The change of constitution and 
microstructure is also accompanied by volumetric 
changes due to their different specific volumes, and 
when the effect has been severe a pattern of random or 
mosaic cracks is developed within the darkened zone. 
Figure 12 shows the changes in scleroscope hardness 
across the surface of a roll on which darkly etched 
bands have been developed. When the burning effects 
are not severe, however, careful reconditioning by 
grinding effectively removes them, although special 
care must be exercised not to develop them further, and 
lead to exfoliation or spalling of the hardened surface. 


Metallurgical Aspects 

The materials normally used for the production of 
hardened steel rolls are of the high carbon—chromium 
type, the actual composition being subject to slight 
modifications depending upon the particular roll 
requirements. Being of a hyper-eutectoid character, 
they cannot be regarded as behaving, in a metallurg- 
ical sense, in a similar way to the ordinary alloy 
engineering steels. 

Hardness—The successful production of hardened 
steel rolls depends primarily upon the attainment 
of a given intensity of hardness on the working surface, 
coupled with a suitable hardness gradient from outside 
towards the centre, the latter being sufficiently strong 
to withstand the hardening stresses developed. The 
high intrinsic surface hardness demanded, normally a 
minimum value of 95 ‘C’ Shore, equivalent to about 
850 D.P.H., is the main reason for employing a hyper- 
eutectoid steel. Figure 22 shows the hardness penetra- 
tion curves usually achieved, and Fig. 10 the micro- 
structures developed in the hardened and unhardened 
portions of a roll body. 

The factors influencing the production of the neces- 
sary depth hardness in rolls bring to the forefront the 
question of hardenability, a subject of wide scope and 
one on which a vast amount of work has been carried 
out. Some confusion has arisen in the past concerning 
this characteristic. Here it is defined as the capability 
of the material to harden satisfactorily in mass when 
suitably quenched, and it is not influenced by the 
maximum hardness which a material can develop. 

Hardenability—Many different methods have been 
devised to measure the hardenability character- 
istics of a steel, and of these the end-quench test 
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developed by Jominy is one of the most useful. 
Although this test has many shortcomings and presents 


many pitfalls for the unwary, the intelligent use of 


such a test, with particular reference to laboratory 
work, can greatly assist in the elucidation of certain 
phenomena which would otherwise be difficult to 
ascertain. 

The Jominy test is so well known that only a very 
brief description need be given here. A standard 
test-piece of the steel to be tested, 1 in. dia. x 4 in. 
long, is heated to a predetermined temperature, 

















Fig. 23—-General arrangement for hardenability testing 


rapidly transferred to a jig fixture, and quenched, 
under standard conditions, by a jet of water imping- 
ing on one end. Figure 23 illustrates a test-piece 
positioned in such a suitable fixture. When the speci- 
men is sufficiently cool, hardness determinations are 
made longitudinally along the specimen from the 
quenched end, following suitable preparation; the 
diagram relating hardness to distance from the 
quenched end of the specimen is known as a harden- 
ability curve. Typical examples are shown in Fig. 24, 
curve B being representative of the hyper-eutectoid 
steels discussed in this paper. 

Hardenability tests of this type have demonstrated 
quite conclusively that variations in microstructure 
prior to final hardening, as shown in Fig. 11, influence 
the hardenability of the material. Although these 
effects are not so marked as those obtained from other 
variables, considered on p. 286, they are definite and 
must be envisaged when uniformity of product has 
to be attained. 

The state of the carbides prior to quenching is 
therefore of importance, and in view of this some of 
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Fig. 24—Curves illustrating different depth-hardness 
characteristics, curve B being typical of a 2% Cr 
roll steel after end-quenching from 850° C. 


JULY, 1950 








the 
chr 
me 
rat 
wh 
Thi 
800 
fur 
coe 
wit 
eut 
tha 
den 
fro1 
of 

con 
C.i 
the 


the 
effe 
pha 
car 


ar--O ~ 
e m 


jo--Q Oem owe == 


---- O Orn" "2"2---- 


Om oe ee mew wees 


JUL 





al. 
Its 
of 
ry 
in 
to 


ry 
rd 


d 





WAINE : 


the thermal characteristics of these high carbon- 
chromium steels must be considered. In the dilato- 
metric heating curve shown in Fig. 25a, a uniform 
rate of expansion is evident up to about 760° C., at 
which temperature the normal Ac change commences. 
This change is completed at a temperature of about 
800° C., and as the temperature is increased still 
further uniform expansion is again observed. The 
coefficient during the latter period does not conform 
with normal y expansion, however, since hyper- 
eutectoid steels are being considered, and these lie in 
that area of the Fe-Fe,C equilibrium diagram usually 
denoted as ‘austenite and carbide.’ It is evident 
from this different coefficient that increasing solution 
of carbide is taking place during this stage, which 
continues until a temperature of approximately 960° 
C. is reached, that is, the Acm point, beyond which 
the coefficient corresponds to that of austenite. 

In the heat-treatment of roll steel, therefore, 
the actual hardening temperature will have a marked 
effect on the state of solution of carbide in the + 
phase. In view of the sluggish solubility of chromium 
carbides it is natural that the time factor also plays 
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TEMP SCALE FOR HEATING 


Fig. 25—Chevenard dilatometer curves showing effect 
of soaking time and heating temperature. Per- 
centage analysis C 0.95, Si0-22, Mn0.35, Cr 1-89, 
Ni 0-18. Forged, furnace treated at 760°C. D.P.H. 
before and after treatment (a) 224, 331, (b) 234, 
215, (c) 224, 241 
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Fig. 26—Sato dilatometer curves. Percentage analysis 
C0-92, Si0-30, Mn0-35, Cr 1-87, Ni0-20. Annealed. 
(a) Heated to 850° C., soaked } hr., quenched into 
water at 20°C. D.P.H. before and after treatment 
200, 851, (6) heated to 850° C., soaked 1} hr., quench- 
ed into water at 20 C. D.P.H. before and after 
treatment 198, 856, (c) heated to 900°C., soaked 
$ hr., quenched into water at 20°C. D.P.H. before 
and after treatment 198, 856 
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Fig. 27—Hardenability curves showing effect of soak- 
ing time and end-quenching temperature. Per- 
centage analysis C 0-92, Si 0.30, S 0.008, P 0-014, 
Mn 0.35, Cr 1-87 


an important part. This is demonstrated in Figs. 
25b and c, which show that the increase in the soaking 
time at the temperature of 820-830° C. has resulted 
in increased expansion. This time/temperature effect 
is also demonstrated by the Sato dilatometric curves 
shown in Fig. 26, where changes during an actual 
quenching operation are recorded. The different 
states of solution prior to quenching are evident, and 
the differences in volume change brought about during 
the quenching operation are clearly marked. The 
importance of this latter aspect in connection with the 
hardening of large masses, such as rolls, is obvious in 
its relationship to stress devolopment. 

Figure 27 shows the effect of soaking time at a 
constant temperature on the hardenability charac- 
teristics, and also the marked increase when the 
quenching temperature is raised from 850° to 900° C. 
Figure 28 shows the effect of ‘double quenching ’ 
in increasing hardenability. 

An attempt has been made in the preceding remarks 
to give some idea of the large number of variables 
which are involved in producing specific depth-hard- 
ness requirements, even when only one material 
is involved. No reference has been made to the 
influence of variations in chemical composition on the 
hardenability characteristics, the general effects of 
which are well known. 


Premature Failure 

Nearly all hardened rolls which fail because of 
incorrect hardening or defective material reveal 
themselves during manufacturing or inspection opera- 
tions, or immediately the rolls are put into service. 
Premature bursting by splitting of 4-high mill 
work rolls of the type shown in Fig. 13, pinholes, 
surface defects, and tail marking caused by inadequate 
depth-hardness are now seldom encountered. Most 
disappointments, if not all, are traceable to the dis- 
turbance of stress equilibrium by inadequate main- 
tenance of correct camber shape and disposition, 
occasional local overload, or accidents, examples 
of which are shown in Figs. 14 to 17 inclusive, and 
are familiar to all users of these special products. 

Two quite independent examples of unusual interest 
which appear to throw considerable light on the 
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Fig. 28—Hardenability curves showing effect of double 
end-quenching. Percentage analysis C 0-94, 
Si 0.33, S 0-006, P 0.014, Mn 0.35, Cr 1-94 


mechanism of spalling, are shown in Fig. 18 and 
Figs. 19a and 6 respectively. The first was obtained 
from a roll which had been reducing steel strip, and 
the second from one which had been employed in 
the cold rolling of brass. In Fig. 18, the flat steps are 
larger but less defined as their distance from the roll 


surface increases. The shape of these steps, and of 


the conchoidal markings on each flat and each inter- 
connecting slope, establishes beyond doubt that 
failure has progressed inwards from the working sur- 
face of the roll. A darkly etching band was developed 
on the outer surface of the spall. 

Figure 19a shows the exterior of the second spall 
after etching with 5% nital. Figure 19d is a magnifi- 
cation of a transverse section taken through the 
surface crack indicated by the arrow in Fig. 19a, 
and shows several fine cracks in echelon, each parallel 
to the roll surface. Investigation disclosed that a 
surface crack had developed in use, and had not been 
removed during reconditioning before the roll was 
again returned for further service. 

Attention could be drawn to a number of other 
interesting cases of premature failure by spalling 
or misuse, even to the few instances where records 
disclosed that a bolt or spanner had passed in- 
advertently through the rolls. It is not desired, 
however, to over-emphasize abnormalities which 
may tend to destroy the perspective which the author 
has endeavoured to maintain, namely, to review the 
methods of manufacture and the present state of 
development of these highly technical and expensive 
products, and of the duties they are called upon to 
perform. Satisfaction in both fields can be achieved 
only by recognizing that the two features are 
inseparable and mutually dependent. 
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DISCUSSION AT MEETINGS 


WRITTEN CONTRIBUTIONS 








The Corrosion of Steel 


A Joint Meeting of The Iron and Steel Institute and the British Iron and Steel Research 
Association to discuss papers on the corrosion and corrosion-fatigue of steel was held at the 
offices of The Iron and Steel Institute, 4 Grosvenor Gardens, London, $.W.1, on Tuesday, 
18th October, 1949, at 10.30 a.m. and 2 p.m., a buffet luncheon being served in the Library 
of the Institute between the morning and afternoon sessions. Mr. T. M. HERBERT, Chairman 
of the Corrosion Committee of the Research Association, presided. 


PROCEEDINGS OF 


Discussion on the Paper— 


THE MORNING SESSION : 10.30 a.m. to 1.15 P.M. 


A SIMPLE FORM OF ACCELERATED ATMOSPHERIC CORROSION TEST* 


by R. St. 


Mr. R. St. J. Preston (Chemical Research Laboratory, 
Teddington) briefly introduced his paper. 


Mr. §. C. Britton (Tin Research Institute, Greenford, 
Middlesex) : Mr. Preston’s new test is to be welcomed 
as the basis of an alternative to the salt spray which is 
often used when it bears little or no relation to service 
conditions. It promises to give a reliable order of merit 
for similar protective processes, but its ability to grade 
dissimilar processes seems more doubtful. The exposure 
of various steels with nickel and zinc, over solutions of 
sulphur dioxide at room temperature, has been found? 
to give an order of merit which differs from that obtained 
by exposure to an inland atmosphere. This test had, 
in common with Mr. Preston’s test, continuous exposure 
to sulphur dioxide with no opportunity for the corrosion 
products to dry out or for soluble products to be washed 
away. The changes of corrosion products on drying 
or on washing by rain can make a large difference to the 
comparative behaviour of dissimilar materials in normal 
corrosion, and opportunities for these changes will prob- 
ably be necessary in a general-purpose accelerated test. 

With paint coatings, the possibility that inhibitive 
pigments of the chromate type may give abnormal 
results in an excessively acid environment must be con- 
sidered. The intensified local corrosion observed by Mr. 
Preston with his inhibitive primer may be caused by the 
sulphur dioxide atmosphere. 
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J. Preston 


I can confirm Mr. Preston’s observations of the effects 
of variation in sulphur dioxide content of the atmosphere 
on the corrosion of mild steel. The obvious change in 
the nature of the corrosion product when the ceiling 
value of the corrosion rate was reached led me to 
suppose that the oxygen supply to the metal was being 
seriously interrupted by the layer on the metal. ‘Che 
sulphur dioxide concentration at which the corrosion 
rate no longer increased seemed too high to be important 
for most practical purposes, but the effect may have a 
bearing on corrosion by flue gases, as indicated by 
American work? in which corrosion by products of 
combustion of coal gas was less when the sulphur con- 
tent of the gas was high than when it was low. 

In, studying sulphw dioxide atmospheres I found the 
procedure, as now used by Mr. Preston, of using diluted 
saturated solutions of the gas not wholly satisfactory 
and so made chemical determinations of the amount of 
sulphur dioxide in the solution beneath the test-plates. 
I also checked the sulphur dioxide content of the atmos- 
phere and related the laboratory experiment to practical 
conditions by including in the atmosphere a lead perox- 
ide covered surface following the method developed by 
the Atmospheric Pollution Board.* 





* Journal of The Iron and Steel Institute, 1948, vol. 160, 
pp. 286-294. 
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Although much can be learned about phosphated 
surfaces by tests on coatings unsealed by paint or oil, 
the procedure has limitations. Firstly, phosphate 
surfaces may: vary in the weight of paint picked up, 
especially in dip-painting. (The results quoted for the 
paint to CS 2249 show a difference in the paint weights 
on the phosphated and bare steel surfaces.) Secondly, 
the amount of water held by the surface during the test 
may vary much more between unsealed surfaces than 
between sealed ones. Thirdly, the effect of deliberate 
damage to the panels before testing is much more 
clearly brought out on a painted surface than on an 
unpainted one. Resistance to mechanical damage 
must always be considered in comparing phosphate 
coatings, and when the author suggests that thicker and 
denser phosphate coating should be aimed at, has he 
considered the tendency of the thicker coatings to 
crumble on impact ? 


Mr. R. St. J. Preston: It is difficult, but I should not 
say impossible, to obtain a reliable order of merit for 
protectives of different types. I believe the achievement 
of such an objective depends to some extent on the use 
of a suitable concentration of sulphur dioxide. We have 
shown at the Chemical Research Laboratory that increas- 
ing the concentration of sulphur dioxide does not increase 
the rate of corrosion proportionately ; in fact, the reverse 
effect occurs with mild steel when a certain concentration 
is exceeded. This affords a likely explanation of the 
discrepancy mentioned by Mr. Britton : the critical con- 
centration had probably been considerably exceeded in 
the experiments with steel, nickel, and zine. In respect of 
the lixivation of soluble corrosion products, we have 
found that in the case of bare steel the sulphate content 
of the rust is quite small, and this seems to be evidence 
of a washing effect in the course of the test. 

An important factor in atmospheric corrosion by 
sulphur dioxide is the necessity for the presence of 
water. We find, when bare steel is exposed over saturated 
sulphur dioxide, that if there are no nuclei present 
to attract moisture and if the temperature of the 
bright steel is maintained above that of the vapour in 
which it is placed, there is no corrosion at all; the 
steel remains quite bright. But as soon as the steel 
is dipped into the aqueous sulphur dioxide (sulphurous 
acid) a black shiny film is deposited, immediately 
forming a more or less impermeable membrane which 
reduces the rate of attack. It is, therefore, necessary 
to control the concentration of sulphur dioxide, and 
tests employing sulphur dioxide may have been spoilt 
by using it in too great strength. 

Although sulphur dioxide in a humid atmosphere does 
not corrode bare steel unless liquid water is present, the 
presence of rust or paint may be responsible for the 
initiation of corrosion. For example, if the constituents of 
the rust or paint can absorb water, the ideal conditions 
of actual contact between the liquid and the steel are 
attained and corrosion can proceed. 

A drying cycle may have value. We have not investi- 
gated this factor in our test, but it could be included by 
merely removing the specimens and subjecting them to 
hot air. We should like to examine the matter in detail 
before assesing its real value. It would probably increase 
the duration of the test for a given amount of attack. 
The A.P.B. method of using lead peroxide for the 
estimation of sulphur dioxide is being used at C.R.L. 
to examine the change in concentration of sulphur 
dioxide in the test apparatus described. At higher 
test temperatures all the sulphur dioxide had oxidized 
within two hours of its addition to the beaker. 

The phosphated steel surfaces show a slightly greater 
weight of paint than the plain steel, but I would not 
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regard the difference as significant. Some observers 
report a decided increase in paint take-up in dip-painting, 
by phosphated surfaces, but our experience is that there 
is little difference. A thick phosphate film would un- 
doubtedly be less resistant to impact than a thin one, 
but provided damage is avoided, the thick film, as our 
experiments showed, is highly resistant to weather 
and, being inorganic in type, should withstand actinic 
influences so destructive to most paints. 


Mr. T. Henry Turner (Railway Executive, E. and N.E. 
Regions) : Is the test limited to the standard 6 in. x 2 in. 
shape, as users require to test irregular shapes such as 
nuts and bolts ? For example, a motor cycle bought during 
the recent exceptionally dry summer had a number of 
nuts and bolts which became rusty during the first 
month’s use and even before they had ever been out in 
the rain. The makers took great pains to order suitable 
components and would have welcomed a reliable test 
for the cadmium-plated nuts and bolts which they 
received from suppliers. 

If Mr. Preston’s test can be developed for adoption as 
a British Standard test, it will be of real value to industry, 
but it seems undesirable to have to miss out the features 
of irregular shape and vibration which are experienced 
in industry. 


Mr. R. St. J. Preston: The test is applicable to sizes 
of sheet up to 6 in. x 4 in. (in limited number) and small 
objects like nuts and bolts could be tested if suitably 
suspended in the vapour. The primary object of the 
test is to assess the value of protective finishes, for which 
it is preferable to keep to standard sizes and simple 
shapes. The principle of the test is applicable, however, 
to other more complicated shapes, although I think 
that the answer to Mr. Turner may lie in a modifica- 
tion in technique or method of interpretation of test 
results from a standard-size panel. The effect of shape, 
for example, would be detrimental if, on exposure, 
water can collect and set up corrosion ; at sharp corners 
the paint film would be thinner, and in certain cases of 
dip-painted articles the paint thickness may be above 
average. This suggests that tests of various paint film 
thicknesses may offer a solution, but admittedly it may 
be somewhat more involved than the procedure Mr. 
Turner has in mind. 

Mr. Turner’s suggestion that the test described goes 
some way towards being suitable for adoption as a 
British Standard is gratifying and cogent because there 
appears to be no similarly compact test based on the use 
of sulphur dioxide and aiming to simulate the effects of 
exposure to our industrial atmospheres. 


Dr. J. E. O. Mayne (Cambridge University): An 
important point in testing painted specimens is whether 
the rate of corrosion or the rate of breakdown of the 
paint film should be increased. Hudson and Banfield? 
have shown that painted specimens lasted longer in 
Sheffield, where you would expect the sulphur dioxide in 
the atmosphere to be high, than elsewhere, and it was 
suggested that this was due to the action of ultra-violet 
light. Long® has correlated the ultra-violet absorption 
spectra of paint films and their rate of breakdown, and 
has shown that those which absorb the most ultra-violet 
light break down most rapidly. I feel that a test such 
as this must include conditions which break the film 
down, as opposed to those which merely increase the 
corrosive atmosphere. 


Mr. R. St. J. Preston : Complete separation of the two 
factors—rate of corrosion of the basis steel and rate of 
breakdown of the paint film—would be difficult. In the 
test described, the technique aims at accelerating 
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corrosion of the basis steel, but inevitably the paint 
film must also be attacked. Basically the test shows 
whether a protective system is intrinsically resistant to 
corrosion, which in effect means that the coating is 
physically resistant to moisture, inhibitive (or not 
stimulative) to corrosion, adherent, etc. To include the 
effects of light and temperature, as well as atmospheric 
pollution, would embrace accelerated weathering tests, but 
time, cost, and the necessity for competent technical 
interpretation would place such a test outside the 
range of simple reproducible standard tests which seem 
so desirable today. Once corrosion has started, the life 
of the covering paint is much reduced. It is the function 
of the priming paint to prevent corrosion, and the 
finishing coat is, or should be, designed to prevent its 
deterioration by protecting it from the weather. The 
aim of accelerated weathering tests should be to ensure 
that finishing coats are sufficiently durable for this 
purpose. 

The longer life of painted specimens exposed in the 
Sheffield atmosphere may be due, as Dr. Mayne appears 
to suggest, to a deposit which screens the paint from 
sunlight and may restrict rain-water action also. One 
can only speculate that a priming paint with better 
corrosion-resisting qualities would ensure an even longer 
protection ; it is also good policy to insure against the 
worst conditions and realize that pollution deposit may 
be a fortuitous help on which it would be unwise to rely. 
Finishing paints designed to produce an external film 
unaffected by, or acting as a shield from, light rays are 
being more commonly used now. Examples are paints 
containing aluminium or similar lamellar pigments that 
form a skin. Possibly more attention should be paid 
to this important aspect of protective coatings. 


Dr. §. G. Clarke (Research Department, Woolwich) : 
Figure 1 of the paper, page 286, shows the variation in 
corrosion resistance of different copper steels in sulphur 
dioxide. Were the experiments on which these figures 
were based done in the author’s apparatus or under 
some other conditions using sulphur dioxide? The range 
of sulphur dioxide contents given is rather wide, and I 
am wondering whether these particular figures for copper 
steels as compared with ordinary steels. referred to a 
particular set of conditions. What were the precise 
conditions of these tests? 


Mr. R. St. J. Preston : The tests were not carried out 
with this apparatus but with an intermittent spray-type 
machine in which one set of specimens was subjected 
to sulphur dioxide in dilute sulphuric acid, while another 
set was sprayed with synthetic sea water. The specimens 
travelled on an endless belt and were thoroughly wetted 
by sprays and then dried out with infra-red lamps. 

It is impossible to give a precise figure for the con- 
centration of sulphur dioxide used in this test, but the 
appearance of the specimens suggested that it was not 
widely different from that used in the simple form of 
test described. It is important to note that copper- 
bearing steel corrodes more readily in a salt spray than 
in sulphur-containing humid atmospheres, which con- 
firms practical experience with this material. 


Dr. W. H. J. Vernon (Chemical Research Laboratory, 
Teddington) : In regard to this point, Mr. Preston has 
not had time to deal with the other type of apparatus in 
which specimens moving round on an endless belt are 
sprayed intermittently with solutions carrying corrosive 
constituents found in the atmosphere. This apparatus 
has certain disadvantages, notably the space that it 
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takes up in contrast with the compactness of the test now 
under discussion. With this apparatus, however, a 
number of (unpublished) tests were carried out at 
C.R.L. before the war on a series of steels of ascending 
copper content. Using sprays of sulphur-dioxide- 
containing solutions, curves were obtained (corrosion 
copper-content) which reproduced precisely the form of 
curve first described by Buck® for ordinary atmospheric 
exposure, showing, for example, the marked restraining 
effect of small additions of copper, with very little further 
advantage as the copper content is increased from about 
0-25 to 0-5%. On the other hand, using solutions based 
on sodium chloride, without additions of sulphur 
dioxide, it was not possible to obtain any such correla- 
tion between corrosion resistance and copper content. 


CORRESPONDENCE 

Mr. W. Pohl (London) wrote: Mr. Preston’s elegant 
method has, admittedly, been developed to study the 
corrosion of phosphated and painted steel and the results 
shown in his paper relate to these. His apparatus and 
technique would appear, however, to be more widely 
applicable and to be, in effect, a more precisely controlled 
small-scale humidity cabinet. The vagaries of humidity 
cabinets are well known, especially in relation to the 
testing of temporary corrosion preventives. It would be 
interesting to know whether Mr. Preston has applied 
his method to the evaluation of this type of protective 
and whether he considers it could be used satisfactorily 
for that purpose. 


Mr. R. St. J. Preston : The technique of the accelerated 
test described would appear to be a priori suitable 
for the testing of temporary protectives. Several years 
ago as a result of a suggestion by Mr. Pohl, a few tests 
which gave promising results were carried out at C.R.L. 
on some oil-type protectives. Recently, we have started 
@ more systematic examination on a wide selection of 
temporary protectives ranging from oils through petro- 
latums to bitumens which the Institute of Petroleum 
Protectives Panel (Chairman, Mr. G. C. Clayton) is 
examining for standardization purposes. So far, the 
results show considerable promise, and a short paper 
describing the tests has been contributed to a Symposium 
of the Institute of Petroleum.’ Using the C.R.L. test 
as a small-scale humidity cabinet, we have confirmed 
that plain humidity gives an answer neither quick 
enough nor accurate enough for practical purposes ; in 
fact its usefulness is restricted largely to the evaluation 
of the poorer types of protectives. 
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Joint Discussion on the Papers— 


A STUDY OF THE CORROSION RESISTANCE OF HIGH-ALLOY STEELS 
TO AN INDUSTRIAL ATMOSPHERE* 


by H. T. Shirley and J. E. Truman 


THE ATMOSPHERIC CORROSION OF IRON AND STEEL WIRES} 
by J. C. Hudson 


CLIMATIC EFFECTS ON THE CORROSION OF STEEL{ 
by J. Dearden 


The authors briefly introduced their papers, Dr. 
Hudson calling attention to a correction required in the 
formula given on page 283. This should read : 


a 100(40 pp) 
Bp— BE 


Dr. W. H. J. Vernon (Chemical Research Laboratory, 
Teddington): The spectacular results reported by Mr. 
Shirley and Mr. Truman for the higher alloy steels, 
particularly those containing additions of molybdenum 
or tungsten, may tend to obscure the significantly good 
performance of the low-alloy nickel-chromium—molyb- 
denum steel. Although rusting is not suppressed, the 
expenditure of less than 5% of alloying elements has 
reduced the total corrosion (vertical specimens) to the 
order of a quarter of that shown by the unalloyed steel ; 
had this latter steel been copper-free the difference would 
no doubt have been much greater still. 

For vertical specimens the effect of surface condition 
is surprisingly small, although in the direction one would 
expect from the three surfaces examined. For horizontal 
specimens the results are anomalous, except in respect 
to emeried surfaces, with which the tendency to retain 
film-destroying nuclei would naturally be more marked 
in the horizontal position. 

An interesting observation in Dr. Hudson’s paper 
(p. 278) refers to the darker colour of the rust that forms 
on the more resistant (copper-bearing) steels. When I 
inspected the large number of specimens at the atmos- 
pheric corrosion sites at Kure Beach (N. Carolina) and 
South Bend (Pa.) last year, it was possible to pick out 
readily the ferrous materials of greater or lesser corrosion 
resistance, the darker colours being associated with the 
more protective corrosion products—an effect attributed 
by the American corrosion workers (e.g., C. P. Larrabee) 
to differences in the texture of the rust. 

The American work, using plates of various ferrous 
materials of different thicknesses, revealed no signifi- 
cant effect of thickness on corrosion rate. Dr. Hudson, 
however, has clearly shown the increasing corrosion of 
wires with diminishing diameter. One wonders whether 
the factors described may be associated with any 
greater tendency to pitting (normally absent in flat 
specimens under atmospheric conditions). Presumably 
any such tendency would be revealed by the decrease- 
in-breaking-load method in conjunction with loss in 
weight. The superiority in corrosion resistance of the 
Staffordshire over the Swedish wrought iron (Tables 
III and V) is very striking and is almost certainly due 
to the difference in copper content ; indeed, apart from 
the chromium-bearing steels, Table V places the materials 
fairly closely in the order of their copper content. 

Whilst Mr. Dearden’s contribution is to be welcomed 
I feel that the method adopted in respect to the rain 
factor has, despite its ingenuity, given a greatly dis- 
proportionate emphasis to the influence of rainfall as a 
factor in atmospheric corrosion, 7.e., the analysis or 


Ab 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


balance sheet given under conclusion (e) (p. 246) must 
be accepted with reserve. 

It is somewhat surprising that the effect of sheltering 
specimens from rain (Fig. 1) is so marked, having regard 


to the author’s own observation that the under side of 


freely exposed specimens showed greater corrosion than 
the upper side—an effect that I can confirm from my own 
experience. It is extremely difficult to shelter specimens 
from rain and yet have them completely unscreened 
from every other atmospheric factor. One would like 
to know more about the disposition of the author’s 
specimens in relation to the prevailing wind and the 
supply of ‘ inoculating ’ disperse particles—the corrosive 
effects of which almost certainly greatly transcend that 
of rain, per se. It has been shown?» ? in tests on low-alloy 
steels that, whereas for periods up to about 2 years’ 
exposure, weight losses were greater on fully exposed 
specimens (probably because they were wet more often), 
at longer periods the position was reversed, sheltered 
specimens then undergoing the greater attack—the 


disparity becoming greater with increasing period of 


exposure. 
In regard to fully exposed specimens I would especially 
direct attention to the procedure of exposing speeimens 
only during certain periods when rain is actually falling. 
First, it is unsound to assume that no change occurs in 
the period between withdrawal and re-exposure ; some 


increased attack may be expected during the process of 


drying in hot air, whilst possible changes in the struc- 
ture of the rust may occur during subsequent storage. 
Secondly, the author applies to his results a factor 
obtained from rainfall figures over the whole period. 
This ignores the fact that the corrosivity of the rain 
must vary considerably at different times. Presumably 
the author’s specimens were exposed only during the 
working day and not during the night or at weekends ; 
he was therefore using the rain at the period of maximum 
corrosiveness. It is known that there is a very marked 
diurnal variation in atmospheric pollution*® : comparing 
the most polluted hours of the day with the least polluted 
hours of the night, the ratios are about 4:1 for gaseous 
(sulphur dioxide) pollution and about 5:1 for solid pollu- 
tion. Although no corresponding data (e.g., pH) are 
available for rain itself, it is reasonable to assume that 
similar fluctuations will occur, at least qualitatively. 
It is clear, therefore, that the author’s procedure must 
inevitably exaggerate the net corrosive influence of 
rain. 

In so far as it brings corrosive constituents to the 
metal surface, rain must be aggressive, but in so far as it 
removes corrosive deposits it is beneficial. Generally, 
I believe, in industrial atmospheres the beneficial effect 





* Journal of The Iron and Steel Institute, 1948, vol. 160, 
pp. 367-375. 

+ Ibid., vol. 160, pp. 276-285. 

t Ibid., vol. 159, pp. 241-246. 
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is predominant. The paper by Messrs. Shirley and 
Truman shows that even stainless steel is vulnerable 
to these deposits from the atmosphere, and if the speci- 
men is well washed it has a much better chance of 
withstanding attack. The work of Dr. Hudson has 
convincingly shown the marked correlation of atmos- 
pherie corrosion with atmospheric pollution, and the 
absence of correlation with rainfall’ ; e.g., in Mid-Wales, 
the rainfall greatly exceeded that at any of the other 
stations, but corrosion there was by far the least. 

The author’s ‘ balance sheet,’ in according too high a 
figure to corrosion by rain, underestimates the effects 
of other weather factors. It omits completely any 
reference to the influence of fog which, by the simultan- 
eous increase of humidity and pollution, must in any 
industrial atmosphere contribute heavily to the corrosion 
of exposed metal surfaces. 

An interesting point examined by Mr. Dearden con- 
cerns the influence of the time of year at which the tests 
are started. Schramm and Taylerson, quoted by the 
author, obtained results which showed an appreciable 
effect, specimens put out during the winter ultimately 
behaving worse, for the same period, than specimens 
started in the summer. In some (unpublished) work 
which Mr. Stroud and I did before the war we also 
obtained rather less corrosion from specimens started 
in the summer. Mr. Dearden found no significant effect, 
but I hasten to add that I think all of us were right, 
the final result depending upon the total length of 
exposure. Atmospheric corrosion being the resultant 
between film-formation and film-breakdown (as em- 
phasized on many previous occasions), there must be a 
tendency for specimens exposed during a favourable 
period to develop protective films; other things being 
equal, the better the chance for films to form at an early 
stage, the less must be the overall corrosion. In open-air 
(particularly industrial) conditions, however, such films 
are readily broken down, so that if the test is continued, 
as in Mr. Dearden’s test of approximately three years, 
the effect may be expected to disappear. 

Climatic effects cannot be dissociated from the com- 
position of the steel. The content of copper in the steel 
used by Mr. Dearden (0-11%) considerably exceeds the 
concentration (0-004-0-02%) which, in the conditions 
obtaining at Kure Beach, has been found to confer 
spectacular resistance compared with steels completely 
copper-free. Between Kure Beach and South Bend (the 
latter a semi-rural location) there is a striking difference 
in the behaviour of ‘ stainless’ steels. At Kure Beach all 
these steels were lightly rusted, whereas at South Bend, 
for similar periods of exposure, they all displayed their 
pristine brightness. Apropos of the effect of initial 
conditions of exposure, one wonders whether this immun- 
ity would persist if, after prolonged exposure at South 
Bend, the specimens were moved to the marine site at 
Kure Beach. Possibly Messrs. Shirley and Truman 
might care to comment on this point. 

The effect of environment was markedly shown by 
the two stations at Kure Beach, 80 ft. and 800 ft. from 
the sea. Steel specimens nearer the sea tend to lose the 
advantage of their copper content, an effect that is much 
more marked for specimens in the vertical position. 

Dr. J. C. Hudson (B.1.S.R.A. Corrosion Laboratory, 
Birmingham) : Under normal conditions of atmospheric 
exposure in the open, pitting is not usually marked on 
specimens of iron or steel plate. There is only a slight 
general roughening of the surface, which, when measured 
with a Talysurf roughness recorder, may amount to five 
or ten times the roughness of the original as-rolled 
surface. Serious pitting occurs only when flakes of 
mill-scale or some extraneous body remain in local contact 
with the metal surface. 
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With wires exposed horizontally, greater surface 
roughening undoubtedly occurs, as a result of raindrop 
action, but I should still hesitate to describe this as 
pitting. All materials seem to be equally affected, since 
their order of corrodibility when tested as wires is 
substantially the same as when they are tested in the 
form of plates. Moreover, although for the sake of brevity 
I did not mention the fact in my paper, it is the custom 
in my laboratory to determine the losses in weight of the 
wire specimens, in addition to making tensile test 
determinations. In general the losses in weight are in 
good agreement with those of the loss in breaking-load 
determinations. Consequently, I feel that differences in 
the resistance of the various materials to pitting have, 
at most, a secondary influence on the results. 

Although I entirely agree with Dr. Vernon regarding 
the important effect of copper content on the resistance 
of irons and steels to atmospheric corrosion, I am 
doubtful whether this accounts entirely for the superi- 
ority shown by Staffordshire wrought iron over Swedish 
wrought iron. The fact that the Staffordshire wrought 
irons, D, DA, and DC, with a copper content of roughly 
0:05%, are approximately equal in corrosion resistance 
to the copper-bearing steels, O, Y, and ZK, containing 
02% or more of copper, tends to show that the type of 
material may affect the corrosion resistance in addition 
to the copper content. 

I am prompted by the other two papers to make the 
general comment that it would facilitate the correlation 
of the results obtained by different investigators if it 
were made the practice to express corrosion rates in 
mils/yr., because I have found it necessary to make this 
conversion in order to compare the results given in these 
papers with mine. We all use different sizes of specimens 
and expose these for different times. Consequently, if 
we report our results in grammes per specimen, other 
investigators may have to make some rather tedious 
calculations before they can correlate their results with 
ours. 

Mr. Shirley and Mr. Truman mention that the rates 
of rusting observed for rust-resisting steels are lower in 
the U.S.A. than in this country. One reason for this, as 
they point out, may well be the differences in the inten- 
sity of atmospheric pollution, and more particularly of 
grit. It would be interesting to ask our American friends 
whether they have observed any differences in the 
behaviour of rust-resisting steels when exposed in differ- 
ent positions on skyscrapers, because the degree of 
atmospheric pollution may vary from the ground 
upwards and tend to decrease with height, as we occa- 
sionally observe in London. 

Iam surprised by the results of the authors’ comparison 
of horizontal and vertical surfaces. In the case of 
ordinary steels the evidence seems to be that horizontal 
surfaces corrode rather more rapidly than vertical 
ones. 

I can confirm from some experiments carried out at 
the B.I.S.R.A. Corrosion Laboratory that the rates of 
rusting under sheltered conditions are of the order of 
magnitude that Mr. Dearden gives in his Fig. 1. We 
observed a rate of 2-04 mils/yr. over two years for speci- 
mens exposed outdoors in Birmingham, but under a 
canopy which sheltered them from rain. The rate for a 
freely exposed specimen in the neighbourhood was 
approximately 4-23 mils/yr.; the effect of sheltering the 
steel from the rain was, therefore, to halve the corrosion. 
If the author’s results in Fig. 1 are converted into the 
same units, the outdoor rate is found to be 2-71 and the 
sheltered rate is 0-85 mils/yr. There is a reduction here, 
as a result of sheltering, of about two-thirds instead of 
one-half ; this may be attributed to a difference in the 
two climates, 
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I also considered, a year or two ago, the effects of 
atmospheric humidity on the rate of rusting, more or 
less on the lines that Mr. Dearden develops in his 
paper. I carried the matter a little further, however, 
because I made a similar analysis for overseas climates. 
The net result agrees entirely with Mr. Dearden’s con- 
clusion that, if we accept the figure of 70-80% relative 
humidity as being the critical one for the rusting of iron, 
rusting is possible in this country for about 80% of the 
time. At certain places, such as Khartoum, the maximum 
humidity is about 67%, and rusting of any magnitude 
is theoretically never possible. On the other hand, at 
other places in the tropics, such as Singapore or in 
Nigeria, the relative humidity seldom, if ever, falls 
below the critical figure of 80%. 

The astonishing thing is that, although the general 
impression seems to be to the contrary, we have 
always found in our own experiments that the rates 
of corrosion in these highly humid overseas climates 
are low compared with the rates in this country. The 
explanation may be that the degree of atmospheric 
pollution resulting from smoke is much less overseas than 
in Great Britain. Although the relative humidity of the 
atmosphere must rise to approximately 80% if rusting 
is to proceed appreciably, even when this humidity is 
reached, the degree of attack is mainly determined by 
the intensity of the atmospheric pollution. These con- 
clusions were, in fact, clearly brought out by the results 
of Dr. Vernon’s laboratory work several years ago. 

Mr. H. T. Shirley (Brown-Firth Research Labora- 
tories): Dr. Vernon’s reference to the good behaviour 
of the nickel-chromium—molybdenum material gives 
point to a comment I should make to a remark by Dr. 
Hudson. I may have given him the impression that I 
thought that the improvement of the low-alloy steels 
was by 25% of the corrosion. That was not intended ; 
it was an improvement to 25% of the corrosion, or in 
other words 4:1 as compared with mild steel. I should 
regard that as probably the maximum likely to be 
attained with these low alloys. 

As regards the difference between vertical and horiz- 
ontal samples, the surprising fact was that the mirror- 
finished and the pickled horizontal samples corroded 
considerably less. That does not apply to the emeried 
sample, which corroded at about the same rate in both 
cases. I cannot yet see a sufficient reason for the im- 
provement in the other two cases. 

Dr. Vernon’s last question is a very interesting one. 
It can and does happen that these materials will improve 
their passivity under conditions of slight corrosivity in 
the atmosphere, but I do not think that the results 
would be at all spectacular in Dr. Vernon’s hypothetical 
case, because the difference, at any rate under the severe 
conditions of our tests, between such different surfaces 
as those of the mirror-finished and emeried vertical 
samples was only slight. Dr. Vernon knows how much 
more prone the emeried surface is to breakdown than 
the mirror-finished surface which combines chrome en- 
richment with removal of surface stress. This, incident- 
ally, may be the principal reason for the more rapid 
breakdown of the emeried surface, with the present 
horizontal test samples. 

The point raised by Dr. Hudson in recommending 
more general use of mils/yr. as the most convenient 
unit for expressing corrosion rate, is allowable in respect 
of materials which corrode reasonably uniformly. Such 
a unit is, however, unsuitable for materials such as the 
more resistant stainless steels where corrosion is largely 
of a localized type, and may even be confined’ to a few 
small isolated pits. It was for this reason that we used 
the factual weight-loss figures, with conversion to corres- 
ponding thickness losses in a few cases to provide a 
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link with Dr. Hudson’s figures. Since mild steel (a) 
was included in this conversion and comparative losses 
for all the other materials are given against this steel, 
full conversion can be carried out very simply if desired. 

Mr. C. E. Richards (G.P.O. Research Branch, London): 
Some years ago I drew attention5 to the use of austenitic 
steels, costing, at that time, 2s. 6d. per lb., which can 
be justified in very corrosive atmospheres since the 
major cost is that of erection and not that of the 
material. Generally speaking, engineers are more 
concerned with the prime cost than with the final cost. 
I regard it as most important, however, that we should 
emphasize the low rate of attack of the low-alloy steels, 
which can, over a period of years, result in quite a good 
saving as compared with the ordinary mild steel or 
galvanized iron. 

Mr. T. Henry Turner (Railway Executive, E. and N.E, 
Regions) : The Atmospheric Corrosion Sub-Committee, 
of which I am Chairman, welcome Mr. Shirley’s data, 
which they regard as a most valuable contribution to 
knowledge and industry. Even the earlier form of 18/8 
corrosion-resistant nickel-chromium steels had proved 
of great help to housewives, as it required virtually no 
polishing and remained brighter than silver in all indus- 
trial districts. These earlier steels have been used in the 
United States for Budd-welded corrugated all-steel 
coaches. The earliest of these trains are now coming into 
the shops after many years’ service and the stainless 
steel is in perfect condition. However, under the very 
severe conditions of a tunnel atmosphere, these 18/8 
alloys pit rapidly. 


In reply to Dr. Hudson’s request for the views of 


engineers on bare low-alloy steel wire, engineers seldom 
use bare mild steel; fencing and signal wires, and wire 
netting are hot-galvanized or zine plated. The hoist 
wires or lift cables which may be used bare are of a 
higher carbon content and greater tensile strength. 
The user of a steel wire for fencing or netting finds the 
softness of mild steel more convenient than the springi- 
ness of higher tensile steels, and if corrosion resistance 
is provided by zinc they have a more pleasing appearance 
than a rusty low-alloy steel. 

From Dr. Hudson’s own figures, the superiority of 
zine may be 18 times that of mild steel, and low-alloy 
steels are not so much better than mild steel. A uniform 
thick coating of electrodeposited zine in place of the old 
‘blobby’ hot-galvanized coating is probably more 
popular with engineers than low . ‘oy steels. 

Mr. Dearden’s paper is to be welcomed because much 
work is needed on micro-meteorology. The liability to 
corrosion must vary from street corner to street corner 
and not merely from country to country, depending on 
the locality of sulphur dioxide emissions from power- 
houses and soot from private houses. Mr. Dearden’s 
specimens sheltered from rain would also be sheltered 
from soot and grit deposits. We have evidence that 
corrosion may vary from yard to yard along a tunnel, 
depending on the location of ventilation shafts. We 
regularly find the backs of large steel specimens exposed 
at 45° to the horizontal to be in a bad condition 
compared with the top, which although exposed to the 
rain, is also dried by the sun and wind. Condensation is 
sometimes a more important source of corrosion than 


’ rain. 


Mr. E. Bateson (Messrs. Rendel Palmer and Tritton, 
London): About 25 years ago my firm investigated 
the design of a very large bridge of ordinary structural 
steel, and the estimated cost, including foundations, 
was about £2,250,000. This was considered too 
costly, and the scheme was dropped. Some ten years 
later the proposal was revived on the basis of using a 
low-alloy steel. As the bridge was of the cantilever type, 
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any saving in deadweight had a progressive effect 
throughout the whole structure. A reduction of weight 
in the suspended span, for example, effected a reduction 
of weight in the cantilever arms, then in the anchor 
arms, and finally in the foundations. As a result, the 
total estimated cost of the bridge. using low-alloy steel, 
was about £1,750,000 ; a saving of about £500,000 on 
the original design. This was a practical instance where 
the use of low-alloy steel showed a substantial economy 
in the initial cost and the client needed no persuasion 
to accept the proposal. 

The specification for the low-alloy steel did not lay 
down the composition of the steel, but in regard to 
corrosion, however, it was decided on the information 
available at that time, that the introduction of not less 
than 0°3% of copper was necessary to derive any 
material benefit. Accordingly the specification called 
for a copper content of 0-3—0-6% and in actual fact the 
amount provided was about 0-4-0-45%. 

It was intended originally to clean the steel by sand- 
blasting, and possibly to zine spray it, but owing to the 
war the required equipment was not available and it was 
necessary to resort to the old method of cleaning by 
scraping, wire-brushing, and so on. The bridge was 
completed in 1944 and the steel was given one coat of 
red lead priming paint followed by two coats of alumin- 
ium paint. Early this year the paint was reported to 
be in very good condition, but it is not possible to say 
to what extent this is due to the copper-bearing low-alloy 
steel or to the excellence of the paint. 

In cases, however, where the use of low-alloy steel or 
of particular methods of protection such as sprayed 
metal coatings would increase the initial cost, I can 
assure Dr. Hudson that it is extremely difficult to show, 
in terms of a balance sheet, the saving which the client 
can ultimately expect to achieve by incurring the initial 
greater cost. It is generally extremely difficult to per- 
suade people to look beyond the initial cost. 


Mr. §. C. Britton (Tin Research Institute, Greenford, 
Middlesex) : To Shirley and Truman’s results I can add 
some findings of tests* made in a more polluted atmos- 
phere, that of a railway tunnel. In 3-yr. tests, sheets of 
stainless steel with 17% Cr and with 11% Niin addition 
to 19% Cr, 0-080 in. thick. were perforated. The 
behaviour of these steels was considered inferior to that 
of copper and some copper alloys which corroded uni- 
formly. 

In further tests, a molybdenum-containing stainless 
steel, similar to Shirley and Truman’s type 316 proved 
very much superior to the stainless steels without 
molybdenum. Instead of 80% of the surface being 
deeply pitted, very few isolated small pits were produced. 
The pits in the molybdenum-containing steel were 
severely undercut. Apparently the passivity of the 
surface originally exposed was strongly retained except 
at a limited number of small imperfections, but the 
surface exposed by corrosion remained active and solu- 
tion of metal from beneath the surrounding passive 
surface proceeded. 

For commercial use most of the low-alloy steel wires 
would be used with a protective coating. Although this 
need not prevent the realization of the benefits of alloy- 
ing, Many users are unable to gauge the rate of deteriora- 
tion after rusting has begun and are thus prone to replace 
wire when the protective coating has failed. Further, 
users are reluctant to pay more for material in the hope 
of a return in five or ten years. Therefore, although the 
best return is theoretically obtained by employing 
materials of the same gauge as formerly, there will be a 
far better chance of increasing the use if the gauge can 
be reduced and the price kept at or below that of stan- 
dard material. Even those who replace wire when the 
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protective coating has failed would at least not lose, 
and others would gain. 

Many wires used in fencing and netting do not fail in 
a straight run of wire as is used in atmospheric exposure 
tests, but at points where they are chafed by a post or 
a staple. Since the low-alloy steel wires presumably 
depend for their increased life on the nature of the rust 
which forms on them, is Dr. Hudson satisfied that in 
practice a wire subject to some degree of chafing will 
have the full extended life which his tests predict? 

Although appreciating Mr. Dearden’s ingenious means 
of obtaining some useful information, I feel, like Dr. 
Vernon, that he has over-simplified the interpretation 
of his results. The calculation of the contribution of 
periods of various relative humidity to out-of-doors 
corrosion from his laboratory results does not seem fully 
justified. In replying to Dr. Vernon, Mr. Dearden men- 
tions that the under sides of his panels remained wet for 
much longer periods than the upper sides, an admission 
that the prevailing relative humidity was only one of the 
influences determining the drying out of the rust. 

Moreover, the addition of the effect of atmospheric 
sulphur to the effect of atmospheric humidity as a sepa- 
rate item seems hardly legitimate. One of the effects of 
atmospheric pollution, certainly by chlorides and pro- 
bably sulphur compounds, is to produce hygroscopic 
salts in the rust and so to affect the influence of atmos- 
pheric humidity on the continuation of corrosion. 
Failure to appreciate this point has brought Mr. Dearden 
to what can be a misleading speculation that less humid- 
ity corrosion is to be expected near the coast than 
inland. 

The ability of exposed surfaces to remain wet for 
very long periods (45% of the time during 1946) has 
recently been demonstrated by measurements of the 
electrical conductivity of an exposed paint film.’ 
Although a rust film may retain water rather differently, 
the method used may be useful if, as I hope, Mr. Dearden 
continues his work. 

CORRESPONDENCE 

Dr. W. H. J. Vernon wrote in further discussion : The 
greater corrosion generally observed in field-corrosion 
tests in Great Britain as compared with similar tests in 
the United States was mentioned during the discussion. 
It is, in my view, entirely erroneous to attribute this, as 
has sometimes been done, to the generally greater 
rainfall over the British Isles. Almost certainly the 
explanation lies in the more frequent juxtaposition of 
marine and industrial atmospheres. Sulphur dioxide 
must here be regarded as a regular (if not ‘ essential ’) 
constituent of the atmosphere—even when remote, or 
relatively remote, from industrial centres. There is 
evidence to show that. whilst sulphur compounds are 
directly responsible for much greater destruction than 
air-borne chlorides, the corrosive influence of traces of 
sulphur dioxide is more marked in the joint presence of 
chlorides—and vice versa. It is probable that a nominally 
marine atmosphere will generally contain more sulphur 
dioxide and a nominally industrial atmosphere more 
chlorides at home stations than at stations in the U.S.A. 
It would be interesting to see comparable pollution 
figures, including especially values for ‘ rural’ stations 
in Britain and in the U.S.A. 

Mr. W. Pohl (London) wrote : Mr. Dearden’s studies 
of the effect of climatic conditions prompt the question 
whether he has considered the effect of fog. In the evalua- 
tion of temporary corrosion preventives, relatively short 
exposure tests of the order of 3-12 months are often 
carried out on a series of protectives, the performance 
of which is already fairly well established. In such 
tests we have observed, on more than one occasion, that 
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the incidence of fog, even for only one day, will entirely 
alter the expected level of performance and considerably 
accelerate the corrosion. Admittedly, two factors are 
involved : breakdown or penetration of the protective, 
and attack on the test-piece ; the impression is that both 
are accelerated by fog. These observations relate to 
London, and, presumably, both the sulphur dioxide and 
the solids content of the atmosphere increase during fog 
and are present with nuclei of moisture under very 
favourable circumstances for corrosive attack. Perhaps 
Dr. Vernon or Dr. Hudson could also tell us more about 
the effect of fog on the corrosion of steel. 


REPLY TO CORRESPONDENCE 

Mr. J. Dearden (Scientific Research Department, 
London Midland Region, British Railways), wrote in 
reply : Dr. Vernon’s constructive criticisms of my paper 
are valid in the light of other work published since the 
experiments were initiated in 1943. The sheltered speci- 
mens were exposed close to the ceiling of an open-air 
staircase of brick and concrete, the top and bottom of 
which are always open and face the prevailing wind. 
There is a good circulation of air in this staircase, and 
no risk of stagnant air or of wind-blown rain affecting 
the corrosion of the specimens. The lower corrosion 
rate of these specimens compared with the undersides 
of the 45° specimens may be explained by the latter 
becoming wetted by rain creeping round the edges and 
taking with it the corrosive matter washed out of the 
rust on the upper sides. The under sides also remained 
wet longer, being sheltered from the drying effects of 
the sun. 

The reversal of corrosion rates between sheltered 
and exposed specimens after 2 years, obtained by Copson! 
(Fig. 8), did not occur in my own experiments even after 
4 years. The explanation may lie in the striking difference 
in the shape of the corrosion/time curves of steels exposed 
to industrial atmospheres in Britain and the United 
States. In Britain there is little or no reduction in corro- 
sion rate as the years pass, probably because of periodic 
rust shedding, while in the United States a marked 
reduction in rate occurs after the first year or two. 
It would appear that British industrial atmospheres 
are more polluted or humid than their American counter- 
parts. I would support Dr. Vernon’s suggestion for a 
comparison of atmospheric pollution (including chlorides) 
in the two countries. A corrosion station in the South 
Wales industrial area might prove even more corrosive 
than inland Sheffield. 

Dr. Vernon has pointed out that the influence of the 
time of the year at which exposures were started, 
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depended on the total length of exposure. I have reviewed 
my results with this in mind and find some evidence of this 
during the first 3 months of the exposure, but beyond 
this period the total corrosion was the same and indepen- 
dent of the weather prevailing at the start. 

I agree with Dr. Hudson that it is desirable to have a 
common measure of corrosion but I hesitated to use the 
unit of ‘mils/yr.,° because a ‘mil,’ which engineers 
know as a ‘ thou,’ is an accurate form of measurement, 
usually performed with a micrometer ; it is hardly the 
sort of measurement which one would use on a very 
badly pitted surface. I should prefer to see some definite 
figure of loss of weight/unit area, either oz./sq. ft. or 
g./sq. m. 

In reply to Mr. Britton, the analysis of corrosion causes 
(p. 246 of my paper) was based on vertical panels and 
included a reference to the effect of periods of drying 
after recordable rainfall had ceased. This was one of the 


indeterminate factors grouped along with the effect of 


sulphur, the total effect of which was obtained by differ- 
ence. The effect of humidity was determined on panels 
already rusted by outdoor exposure, and would there- 
fore already contain some sulphur. 

I have made no experiments on the effect of fog, 
as suggested by Mr. Pohl. This meteorological element is 
even more elusive than rain when required for a corrosion 
experiment. Since fogs in industrial areas contain so 
much sulphur dioxide and soot, it can be assumed that 
their effect is highly corrosive. 

I cannot agree with Dr. Vernon when he contends 
that the beneficial effect of rain in industrial atmospheres 
predominates over its aggressive effect. This implies that 
a specimen fully exposed to the rain would corrode less 
than one sheltered from the rain but subject to humidity 
and pollution, whereas I have always observed the reverse. 
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PROCEEDINGS OF THE AFTERNOON SESSION : 2 P.M. to 4.30 P.M. 


Joint Discussion on the Papers— 


THE EFFECT OF SHOT-PEENING 


UPON THE CORROSION-FATIGUE 


OF A HIGH-CARBON STEEL* 
by A. J. Gould and U. R. Evans 


CORROSION FATIGUE OF STEEL UNDER ASYMMETRIC STRESS 
IN SEA WATER} 


by A. J. Gould 


The first paper was introduced by Dr. U. R. Evans 
(Cambridge University) and the second by Dr. A. J. 
Gould (Sheffield University). 


Mr. W. A. D. Forbes (Admiralty, Bath) : in a contri- 
bution read in his absence by Mr. A. T. J. Gibbons, 
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wrote: The Admiralty interest in corrosion-fatigue 
arises in part because it is desirable to know more about 





* Journal of The Iron and Steel Institute, 1948, vol. 160, 
pp. 164-168. 
+ Ibid., 1949, vol. 161, pp. 11-16. 
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its weakening effect on structures subject to underwater 
explosions, and also because under war conditions many 
ships must go for long periods before repainting is 
possible, and may thus suffer excessive corrosion which 
might be greatly accelerated by the stress systems 
experienced. In practice it is found that corrosion- 
fatigue troubles arising from vibration or panting of thin 
plating inadequately stiffened are more common than 
damage to main structural members. I am of the 
opinion that damage from corrosion-fatigue in ships 
arises more frequently than is generally recognized, and 
the real source of the trouble is often not appreciated. 

Dr. Gould’s second paper follows some earlier work 
by Mr. Huddle, also done at Cambridge under the 
guidance of Dr. Evans, in which a rotating-beam 
machine was used, with 0-3-in. dia. test pieces wetted 
by a narrow band of sea water. 

In these earlier experiments, after half the corrosion- 
fatigue life of mild steel and of D-quality steel had 
elapsed, the tensile strength was not greatly affected. 
In some further experiments impact tests were carried 
out on specimens that had been subjected to corrosion- 
fatigue for various percentages of their corrosion-fatigue 
life. Whilst there was little change in the impact value 
for mild steel after about three-quarters of its corrosion- 
fatigue life, there was an appreciable reduction in impact 
value with the D-quality steel, which in fact dropped to 
little more than half the original value after three- 
quarters of the corrosion-fatigue life. This may indicate 
that the D-quality steel, which has a higher carbon 
content, was more notch-sensitive than the mild steel 
used in the experiments. Incidentally, D-quality steel 
is no longer used for the main structure of warships. 

At this stage it was doubted if experiments carried 
out with small-diameter rotating test pieces, wetted 
with a narrow corrosive band, gave realistic results 
representative of what actually happened in ships. 
Moreover, at this time Dr. Evans drew attention to the 
desirability of carrying out experiments with test pieces 
subjected to conjoint stresses. Dr. Gould then carried 
out the research now reported, using a push-pull type of 
machine with larger test pieces wholly immersed in sea 
water. As originally planned the work was on a more 
extensive scale than that described, but delays in 
securing suitable apparatus, and power cuts when the 
work was actually in hand. hindered the rate of progress. 
The help given by Professor Wesley Austin in obtaining 
a Haigh machine, to which reference is made in the paper. 
was greatly appreciated by those concerned at the 
Admiralty. 

The present results are somewhat limited in scope and 
in the number of tests made, considering the scatter 
found in the results. Further amplification and confir- 
mation by repetition is needed before they can be accep- 
ted other than tentatively. For instance, the fair curves 
resulted only when a certain temperature correction was 
applied to the endurances recorded. The validity of the 
method of temperature correction seems to need dis- 
cussion. It might have been better to have based the 
correction on the temperature of the sea-water bath 
surrounding the test pieces rather than upon that of the 
room. The correction figures quoted, viz., 3-3% increase 
or decrease of endurance for each degree of fall or rise 
of room temperature, are substantial, and it is doubtful 
whether this is really justified by the results of the earlier 
work quoted. 

The test pieces were cut from round steel bars as 
used for rivet material, but the yield point was high for 
mild steel. 

The magnitude of the superposed tensile stress was 
limited by the capacity of the machine. It did not 
approach anything like the yield stress of the material, 
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which might well be reached by residual stresses in a 
welded structure. It may therefore be significant that the 
spot which lies well away from the fair curve, and which 
is reported as being doubtful, relates to the highest value 
of the superposed stress, namely, 8 tons/sq. in. Further 
work at higher values of the superposed tensile stress is 
certainly needed. 

The very large increase of corrosion-fatigue life 
indicated by the push-pull type of machine compared 
with that found by the rotating-beam type of machine 
is a matter of much interest. It does not necessarily 
follow, however, that Dr. Gould is correct in concluding 
that corrosion-fatigue is less dangerous for ships’ hulls 
than McAdams’ numbers would suggest. In actual prac- 
tice the damage in ships caused by corrosion-fatigue has 
been mainly that associated with vibration or panting 
of light structures, rather than that arising from pro- 
longed exposure to a steady wave system. Instances have 
occurred, particularly near the bow of high-speed ships, 
in which pieces of the hull have actually fallen out while 
the ship was at sea, causing flooding of compartments. 
Moreover, cases of damage to rudder plating of high- 
speed lightly built ships have also been noted. This type 
of damage is undoubtedly the result of corrosion-fatigue, 
and arises in general from using plating which is too thin 
in relation to the stiffener spacing adopted. The trouble 
disappears when thicker plating is used, or the spacing 
of the stiffeners is reduced. 

Mr. A. J. T. Gibbons (Admiralty, Bath) continuing, 
said : I should like to add one or two points about the 
magnitude of the superposed tensile stress, in relation 
mainly to welded structures. The locked-in stresses in 
a welded structure can be subdivided into two types, 
the first being the reaction stresses in the body of the 
plates caused by welding under restraint. These would 
not normally be expected to be very high—in fact, only 
a few tons/sq. in.—and Dr. Gould’s results could be 
regarded as pertinent to this state of affairs. The second 
subdivision of the stresses consists of the residual 
stresses in and near the weld deposit, which may be of 
the order of the yield stress, even without external 
restraint. These stresses are self-balancing within a 
relatively smal] volume of metal, and I feel that the future 
work visualized by Dr. Gould should have a direct 
bearing on this type of stressing. There is no doubt, 
however, that careful planning of this work, and in 
particular of the application of the results, will be 
necessary. 

I have no remarks to make on the first paper, but I 
would ask Dr. Evans to give us his opinion on the effect 
of sand-blasting (wet and dry) on normal ship-plate. 
If we can improve the corrosion-fatigue resistance of 
steels by introducing sand-blasting, it will be another 
argument for the adoption of this procedure. 


Mr. R. J. Brown (Morris Motors Ltd., Coventry) : 
Although the beneficial effects of peening have been 
known for many years there has been little or no refer- 
ence to its effect on corrosion-fatigue. The authors’ 
suggestion that peening may mask the harmful effects 
of incipient surface cracks (p. 164) is hardly accep- 
table ; numerous tests which we have carried out have 
shown that peening certainly reduces the harmful effects 
of mechanical markings, providing they are of such a 
form that the particles of shot can peen the entire 
surface of the markings, but the operation is not success- 
ful in combating the harmful effects of superficial surface 
cracks, which are always of such a form that the shot 
fails to penetrate the break in the surface. 

It is unfortunate that the intensity of peening is not 
recorded in the paper in terms of are height for the 
standard Almen test strip, and it is also regrettable that 
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the size of shot is given only in the manufacturers’ 
grading and not in particle size, as unfortunately manu- 
facturers’ gradings do not always mean the same thing. 
Tests with No. 30 shot, having a particle size of approxi- 
mately 4 in. under conditions approximating those 
stated in the paper, produced an arc height of 0-017 in. 
with the Almen A strip. Shot-blowing for normal de- 
sealing after heat-treatment produces an are height of 
0-016 in., whereas full-intensity peening under the usual 
conditions employed for shot-peening in practice, 
produced an arc height of 0-020 in. Although there 
is not much difference in these arc heights, the 
influence of peening intensity on fatigue is quite 
pronounced, normal shot-blowing for descaling will, 
under the conditions investigated by ourselves, produce 
approximately 90% of the effect of full-intensity peening 
upon endurance under conditions of torsion fatigue. 
The authors were probably aware that it is possible to 
over-peen the material, and therefore the intensity was 
purposely kept to a minimum. 

The low endurance figure at a stress of + 10 tons/sq.in. 
recorded in Fig. 5 of the paper for the unpeened condition 
is surprising, and I am wondering whether it is due to the 
method of preparing the test piece. It is stated that the 
specimens after reeling had 0-004 in. ground off the 
diameter, and after being cut into test bars were reduce 
a further 0-015 in. ; is it possible that these operations 
were carried out in such a way that excessive tension 
stresses were set up in the surface layers, this being 
reflected in the extremely low endurance figure quoted? 

Some results recorded in our Laboratories may be of 
interest : they were obtained in the course of investiga- 
tions into the relative effect of normal shot-blowing for 
descaling, full-intensity shot-peening, and protection of 
the surface of the specimens against corrosion. These 
tests were carried out in connection with the adoption 
of torsion bars for the front-end suspension of our 
vehicles. The torsion-fatigue strength of the specimens, 
which had a j¥,-in. effective dia. was determined on 
Avery 3507 machines operating at 1500 stress reversals 
per min., with a positive stress varying within wide 
limits, 7.e., they were initially stressed with a mean 
static stress, upon which was superposed a fluctuating 
stress, the stress range at all times being positive. 


Table A 


REVERSALS TO FAILURE OF GROUND AND 
PEENED SPECIMENS ~ 105 














Stress Range, Ib./sq. in. 
Specimen 
+12,500/ | + 12,500/ 
+ 79,000 | + 100,000 
Ground 1-3 
A Ground and shot-blown 9-11 1-2 
Ground and shot-peened 8-9 
Ground -+- 2 coats Al paint 17 
Ground, shot-blown-—-2 coats 
B_paint 100+ 46-100-- 
Ground, shot-peened-—- 2 coats 
paint 31-84 
Ground and phosphate trea- 
ted 1 
Ground, shot-blown, and 
phosphate treated 5-15 
C Ground, phosphate treated 
+ 2 coats paint 20-28 
Ground, shot-blown, phos- 
phate treated + 2 coats 30-41 
paint 
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Initial tests with the maximum working stress range 
anticipated in service, while causing failure of the as- 
ground test-pieces under the conditions of test, both on 
air-fatigue and corrosion-fatigue, indicated that the 
stress range was insufficient to cause breakage of the 
shot-peened specimens, so the maximum stress was in- 
creased in order to cause failure within a reasonable 
period of time. The corrosive influence was obtained 
by maintaining a meniscus of ordinary tap water along 
the test length of the specimen, and the steel used was 
a Si-Mn spring steel (En 45a), heat treated to a hardness 
of 415 Hp, The test-pieces were machined to within 
0-010 in. final size, and the effective diameter was 
subsequently fine-ground to size after heat-treatment. 
Shot-blowing and peening were carried out by the air- 
blast method using No. 30 shot having the particle 
size already quoted, delivered at a pressure of between 
30 and 40 lb./sq. in. For normal shot-blowing, the time 
of exposure of the work to the blast was between 5 and 
6 sec. with the specimen 5-6 in. from the nozzle, 
producing an arc height of 0-016 in. ; with full-intensity 
shot-peening, consisting of bombardment for 3} min. 


with the specimen 8 in. from the nozzle, an arc height of 


0-020 in. was produced. 

Table A shows the endurance figures obtained : the 
first column applies to the calculated maximum stress 
range in service, and the second to the increased stress 
range adopted in order to bring about failure within a 
reasonable time. Endurance is greatly increased both 
by shot-blowing and by shot-peening ; with the un- 
coated test pieces shotpeening is more efficient than 
shot-blowing, but when the surfaces are coated with a 
good quality aluminium paint peened specimens have a 
lower endurance than shot-blown specimens. This 
effect is considered to be due to the peening treatment 
being excessive having regard to the small diameter of 
the test specimen, but endurance tests made with the 
full-size component, having a dia. of { in., have shown the 
superiority of shot-peening, shot-blowing for descaling 
producing approximately 90% of the optimum effect 
on endurance. 

The effect of phosphate treatment in association with 
grinding and shot-blowing is of considerable interest : 
phosphate treatment in the absence of @ paint coating 
is beneficial, but when the surface is sealed with paint 
endurance is reduced, even with the shot-blown speci- 
men. This effect may be due to uniform corrosion of the 
surface of the specimen with the unsealed phosphate 
film, whereas when the phosphate coating is sealed with 
paint, corrosion-fatigue is accelerated owing to localiza- 
tion of the attack. 

When failure of the paint coating occurs, the great 
adhesion of the paint to the phosphate film prevents 
spread of the corrosive effects along the metal—paint-— 
film interface. 

The effect of size of shot upon endurance under air- 
fatigue conditions has been thoroughly investigated in 
the U.S.A.,* and according to the published results the 
size of shot appears to have little effect, whereas the 
intensity of peening has a pronounced influence on en- 
durance. 

Dr. H. C. Cocks (Royal Aircraft Establishment, 
Farnborough): Dr. Gould ascribed the breaking of a 
specimen in one particular place to aeration of the sea 


' water, but it seems to me quite possible that it was 


caused by the stirring effect of the air stream. This 
could be easily checked by passing @ stream of nitrogen 
through the solution at the same rate. Some earlier 





*F. P. Zimmerli: Society of Automobile Engineers 
Preprint, 1948, June 17th. O. J. Horger: The Iron 
Age, 1945, vol. 155, No. 14. 
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DISCUSSION ON THE 
experiments which I carried out were made to confirm 
this point. 

Mr. T. Henry Turner (Railway Executive, E. and N.E. 
Regions) : When, we first heard of the use of peening 
and die-pressing for connecting rods and other irregular 
shapes, we had still to learn whether these new processes, 
which increased the fatigue strength of articles, would 
be employed at the cost of increased corrosion. This 
work on corrosion-fatigue now shows that fortunately 
there is no striking increase in corrosion—rather the 
reverse. 

We had in mind the danger of increased corrosion after 
observing that tensile test pieces, which had been broken 
and left in the atmosphere. frequently corroded rapidly 
at or near the fracture. This might have been caused 
by cold-work or by the irregularity of the surface. If 
the former, then it should be observed after any treat- 
ment which puts the surface of a piece of steel into a 
state of compression, for example. after rapid cooling in 
heat-treatment. or after rolling. pressing, drawing, 
hammering, peening, bending. and so on. 

We would therefore like research workers to tell us 
whether shot-peening has affected the rate of corrosion 
by smoothing the surface or by putting the surface into 
a state of compression. 

If specimens were treated by some or all of these 
methods and a uniform amount removed from the sur- 
face, it might then be possible to see whether corrosion- 
fatigue has increased or decreased in proportion to the 
compression left in surfaces of similar character. 


AUTHOR’S REPLY 
Dr. A. J. Gould said in reply: I should like to take 
the Admiralty discussion first. Very deliberately I 
kept the name of the Admiralty out of the paper except 
in acknowledgment, but. since the case is unmasked, 
I will say that they supplied an extremely fine steel, 
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which enabled us to machine our specimens to a particular 
profile, whereas in the peening research the steel was a 
90-ton one, and there was no question of any manipula- 
tion because no grinders of any kind were available ; 
it had to be used in parallel bars and any consequent 
evils were accepted. The Admiralty questioned the 
fact, which is also mentioned in the paper, that the 
stresses associated with welds, at the welds, may be up 
to 20 tons/sq. in., but in general they will not be so 
great elsewhere. In the paper we have advised that work 
with those very high applied ranges would be useful. 
They may not be so practical, but one is seeking truth 
here as well as trying to be useful. 

Regarding the temperatures of the test, thermostatic 
arrangements were completely impossible, but since I 
had found almost exact agreement between the tempera- 
ture of the corrosive liquid and the temperature of the 
surrounding air, and the room was closed, thermometers 
as well as a thermograph were used. The results are 
very much more scattered without a temperature correc- 
tion, than they are with the correction applied. So far 
as I am aware my previous work, from which the co- 
efficients were taken, is the only one yet published giving 
a correction, and I wish that somebody had confirmed it. 

It was suggested that there was a stirring effect by the 
aeration. Undoubtedly the bubbles were extremely 
fine. I consider the suggestion of using a nitrogen stream 
a very good one, but I do not think that it would work 
in the way suggested. 

In regard to the other paper, we did intend to correlate 
our peening shots against the Almen test, but we never 
had the time to do it. 

Mr. Turner’s suggestion of attempting all the processes 
and removing the surface is one which should be carried 
out by someone soon. It could be done with a rotating 
beam machine, and I think that the information so 
obtained would be extremely valuable. 





Discussion on the Paper— 


HIGH SPEED ROTOR TESTS OF PAINTS FOR UNDER-WATER SERVICE* 
by F. Wormwell, T. J. Nurse, and H. C. K. Ison 


Dr. F. Wormwell (Chemical Research Laboratory, 
Teddington), briefly introduced the paper. 


Dr. J. C. Hudson (B.I.8.R.A. Corrosion Laboratory, 
Birmingham) : The authors’ laboratory and that of the 
Corrosion Committee (formerly of this Institute and 
now of the British Iron and Steel Research Association) 
have been so closely associated in investigations in this 
field that I have few comments to make on the work 
itself. The publication of this paper is particularly 
welcome, because this is the first time that the working 
details of this C.R.L. rotor apparatus have been made 
generally known. although they have been communi- 
cated privately to laboratories that wished to make use 
of it. 

As Dr. Wormwell has said. the C.R.L. rotor apparatus 
was primarily designed for testing the corrosion of metals 
when rotated at speed in water, sea water. or any other 
solution. For this purpose the 1]-in. square specimens 
are no doubt adequate. I feel, however, that for certain 
practical purposes, more particularly for investigations 
relating to, say, the painting of a ship’s hull, it is an 
advantage to conduct the test on a larger area. which 
can be prepared with a surface bearing a more natural 
relationship to the actual surface condition of a steel hull 
at the time of painting. For that reason we, in the 
B.1.8.R.A. Corrosion Laboratory, have been led to 
design an apparatus on the same principle, for a rather 
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larger specimen, which is an actual hot-rolled steel sec- 
tion. This is in no way a rival apparatus to that of the 
authors, but is rather to be regarded as a useful supple- 
ment to it. I hope that in due course we shall be able to 
give more detailed information about our own apparatus, 
which is at present in the development stage. 

The authors conclude that ** many paints are commer- 
cially available, or have recently been developed else- 
where, which show such a high degree of adhesion that 
more intensive test conditions are required to evaluate 
the paints in reasonably short periods.’’ The fact is that 
anti-corrosive compositions as used for the protection 
of ships’ hulls have now reached such a state of perfection 
that little breakdown is experienced on the best of them 
in the course of six months’ exposure to a rotor test. 
This is a long time, and therefore I would support the 
authors’ contention that it is desirable to find ways of 
accelerating the test further. 

We are endeavouring to solve this problem by reduc- 
ing the paint film thickness. A two-coat or a three-coat 
painting scheme, such as those used in the tests described 
in this paper and in our own, has a thickness of up to 
120 u, including the finishing coat of anti-fouling com- 
position. We propose to try to reduce the thickness of 





* Journal of The Iron and Steel Institute, 1948, vol. 160, 
pp. 247-260. 
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the schemes under test to something like 30 u. The 
method has been used in the U.S.A. and elsewhere 
more particularly with respect to atmospheric exposure 
tests, and I think that Dr. Wormwell has used it him- 
self. I can only say that in the raft tests conducted by 
Mr. Fancutt and myself, and in other work carried out 
in the B.I.S.R.A. Corrosion Laboratory, we have found 
generally a good correlation between performance and 
paint film thickness. We are, therefore, seeking the 
possibility of accelerating these tests further by testing 
the protective painting schemes at lower thicknesses 
than we have used hitherto. 

Dr. J. E. O.. Mayne (Cambridge University) : In view 
of the observation that paint lasts longer on a rusty 
surface than on a plain metal surface, have the authors 
done any experiments on a plain metal surface which 
had been intentionally roughened? I think we should 
try to find out whether the effect is due to the physical 
keying of the paint into the rust or whether it is the chemi- 
cal nature of the surface which is improving the life of 
the coating. 

Dr. T. P. Hoar (Cambridge University) : The distilled 
and tap-water tests lead to small compact blisters, 
whereas the sea-water tests on the same paints lead to 
large areas of flaky paint, as illustrated in the paper. 
Do the authors think that the flaking may have been 
due in part to the production of alkali under the paint 
films (possibly by an electrochemical mechanism about 
which I should like to say something when we come to 
discuss the paper by Wormwell and Brasher)? One 
might then get alkaline peeling without any production 
of blistering with quite a small amount of alkali below 
a poor paint film. 

I support Dr. Hudson’s contention that to thin down 
the paint film is a fair way of accelerating a paint test 
of this kind. In some work on temporary protectives 
done at Cambridge during the war (which we hope to 
publish shortly), we used that method for rapidly asses- 
ing the behaviour of vaseline, lanolin, and similar films. 
By using a very dilute solution we were able to put on a 
very thin coating and assess this in various corrosive 
environments. It seemed fair to do that for such a 
coating, and it seems to be fair in the case of a paint 
coating also, because the parts of such coatings which 
will fail first, and which are thus of greatest interest, 
will naturally be those where by accident or otherwise 
the film is thinnest. 

Mr. H. R. Wood (Messrs. Storry Smithson and Co., 
Ltd.): On many inspections of ship-plate, there 
appears to be far less flaking and blistering than on 
plates used for raft trials when the same compositions 
are used. Possibly there may be reasons other than that 
suggested by Dr. Hoar for the flaking. ete., on these 
panels. 

Dr. J. C. Hudson : I should like to say something in 
reply to the question put by Dr. Mayne. We have 
conducted tests on protective painting systems applied 
to all types of surface and have observed rapid failure 
on surfaces that were prepared by machining and were 


entirely free from rust. As machining produces one of 


the roughest of descaled surfaces, I do not think that 
keying is the sole explanation of the performance of the 
paint film. 

Mr. §. C. Britton (Tin Research Institute, Greenford, 
Middlesex): Since paints for sea-water service are 
covered with anti-fouling compositions and since the 
restraint of fouling is important, good retention of paint 
should normally be given greater weight than freedom 
from localized corrosion. The pitting resulting from fail- 
ure in an undamaged paint coat is likely to be much 
less than that following abrasion of the paint or imperfec- 
tions in the painting, to which ships are always liable. 
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The difference between the amount of paint blistering 
observed in raft tests and on ships’ bottoms, mentioned 
by Mr. Wood, is probably due, at least in part, to the 
use in raft tests of clean steel surfaces. The rougher, 
usually rusted surfaces, offered by ship-plate often 
favour paint retention. 

Mr. L. J. Brooks (Henry Clark and Sons, Ltd., London): 
Have the authors had a recent opportunity to evaluate 
the anti-corrosion properties of paint No. 185 in rela- 
tion to paint No. 173 ? 


CORRESPONDENCE 

Mr. §. A. Hunn (London) wrote : During the discussion 
one member asked why painted raft panels exhibited 
more blistering than the same paints on ships’ bottoms. 
One possible explanation is that raft panels are usually 
examined immediately after withdrawal from the sea, 
whereas in the case of ships the dry-docks drain relatively 
slowly and time elapses before one can comfortably walk 
about on the dock bottom. During this period any liquid- 
containing blisters may tend to assume a less severe 
appearance. 

I encountered an experience of this nature some months 
ago ; by donning a pair of gum boots, I was able to inspect 
a ship’s bottom before the dock was quite dry and noticed 
some fairly severe blistering, but when inspecting the 
same area some twelve hours later the effect was greatly 
diminished. 


AUTHOR'S REPLY 

Dr. F. Wormwell said in reply: Taking the last 
point first, we have carried out some tests on paints 
Nos. 185 and 173 in collaboration with B.I.S.R.A., 
results on which will be reported later. Generally 
speaking, I think that there is no doubt that these 
paints are in the same class, namely ‘ very good.’ 

In regard to Dr. Hudson’s comments on the question 
of the size of the specimen, I must agree that there are 
many advantages in using larger specimens, but for the 
sake of compactness we chose a small specimen, and 
on the whole it has served us quite well. With regard 
to the nature of the surface, it is scarcely possible in 
laboratory tests to get a surface similar to that which 
occurs in practice on a ship. We have therefore used a 
pickled and wire-brushed surface as giving us a reasonably 
standard controlled surface on which to compare differ- 
ent paints. 

The suggestion of reducing the paint film thickness is 
quite a good one ; we have used this procedure to some 
extent ourselves. It is important, however, to obtain 
a fairly uniformly prepared surface. It would not be 
satisfactory to apply a very thin film on an irregular 
surface, since this would lead to erratic variations in 
film thickness over the surface. 

In answer to Dr. Mayne’s question, as yet we have no 
convincing explanation of the longer life on the rusty 
surface ; we have assumed that it was due to better 
keying, but that may be wrong. We have had occasion- 
ally some inferior results with paint applied to a shot- 
blasted surface, presumably because it is in an extremely 
reactive condition. The improved adhesion of paint on a 
surface covered with adherent rust may result not so 
much from the roughness of the surface as from the 
interpenetration of paint and rust. 

Dr. Hoar’s point about flaking in sea water being due 
to alkali certainly applies in some cases, but in the rapid 
conditions of movement of the rotor there may be 
less opportunity for alkali to be retained or segregated 
on areas of the specimen than under stagnant conditions. 
We have often observed a sudden flaking of the paint 
before there is any observable corrosion anywhere, 
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DISCUSSION ON THE 
so that it is not necessary always to have appreciable 
anodic action on some areas before flaking can occur 
on other areas. 

I am not able to offer any comments on Mr. Wood’s 
remarks on the comparison of the raft and ship tests, 
as I have not had sufficient experience of either to judge. 
It may be that it is a question of the surface and that 
on the weathered, rusty surface there is less flaking. 
We find on the rusty and wire-brushed surface that 
although the general performance is better, there are 
large numbers of very small blisters, but these do not 
seem to be very serious. 
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I appreciate Mr. Britton’s point about the importance 
of paint retention, particularly with respect to fouling. 
He evidently feels that it is necessary to put up with 
a certain amount of pitting; we must, however, guard 
against allowing the pitting to penetrate too deeply 
before the new coat of paint is applied. 

I should like to say in conclusion that I omitted to 
mention the debt that we owe to Mr. Yardley and the 
workshop staff at the Chemical Research Laboratory 
for the detailed design and construction of the rotor 
apparatus. 





Discussion on the Paper— 


ELECTROCHEMICAL STUDIES OF PROTECTIVE COATINGS ON METALS : PART I— 
ELECTRODE POTENTIAL MEASUREMENTS ON PAINTED STEEL* 


by F. Wormwell and D. M. Brasher 


Dr. F. Wormwell (Chemical Research Laboratory, 
Teddington) briefly introduced the paper. 

Dr. T. P. Hoar (Cambridge University) : This work 
has gone a great deal further than is described in Pt. I: 
conductance and capacitance measurements have been 
made and are to be the subject of Pt. IT. Any discussion 
of the mechanism by which these particular types of 
potential/time curves arise must, therefore, be tentative. 

I should like, however, to suggest that the type of 
potential/time curve found here may be very general. 
In the case of oxide films on metals, where there is no 
question of a paint film, one can very often observe 
precisely the same sort of curve, having the rapid 
initial fall, the relatively slow rise, and the final fall 
associated with breakdown and corrosion. 

I have recently suggestedt that the initial fall is due 
to the penetration of the film by electrolyte, the rise to 
the partial plugging of pores in the oxide film, and the 
fall to the disruption of the oxide film by acid which 
has accumulated within the pores at the same time as 
the plugging material. The reason is that when iron is 
made the anode in a solution of pH 7 the immediate 
products are ferrous hydroxide and hydrogen ions, so that 
while solid is formed in the pore, acidity is produced as 
well. The potential rises owing to the plugging by the 
solid, but when there is a large enough concentration 
of the hydrogen ions, dissolution of the underlying 
metal gives undermining and failure of the film. Some- 
thing similar may be happening in the case of painted 
inetal. If the paint film is porous and if the electrolyte 
penetrates the pores, the initial potential fall will occur ; 
then, one may expect the metal at the base of some of 
them to become anodic, and at the base of others to 
become cathodic, so that in different places underneath 
the paint film, the anodic products, ferrous hydroxide 
and hydrogen ions, and cathodic alkali, will be formed. 
The rise of potential could then be caused by the plugging 
of the ‘anodic’ pores in the paint film itself, as the 
authors have tentatively suggested, with iron hydroxide 
products of a solid nature, or it could be due to the 
plugging of the oxide film with similar products. The 
very slow time scale in the present potential/time curves, 
with a potential maximum anywhere between 2 and 20 
days, as compared with the very rapid time scale in the 
curves for bare steel, where the maximum is reached in 
a few minutes, arises from the much greater thickness 
of the paint film as compared with the oxide film. This 
leads to a much higher electrolytic resistance between the 


cathodes and anodes and thus slows down the whole 
process. 

I agree with the authors in regard to the actual 
usefulness of measurements of this kind on paint films. 
A single potential measurement, or a few potential 
measurements over a few hours, would be, of course, a 
very attractive test, but it is evident from this work that 
it would be no more a good test of a paint film than 
measurements of potentials over a few minutes are a 
good test of an oxide film. This sort of measurement is 
of more value in determining the mechanism by which 
paint films protect and break down, than as a pragmatic 
test on any particular type of paint film. 


Dr. J. E. O. Mayne (Cambridge University) : I thought 
at first that the authors were suggesting that this shape 
of the potential/time curve was quite general and I was 
somewhat surprised to hear Dr. Wormwell say that in 
the absence of pigment the curve fell away steadily with 
time. Does that occur with pigmented media, other 
than the types he has used? The investigation has 
been limited to four paints, all of which were based 
on modified linseed oil. We have in Cambridge done 
a few tests with unpigmented polystyrene and obtained 
an even fall of potential with time. I think, therefore, 
that the practical use of this method of testing the 
efficiency of paint coats depends on the existence of 
this maximum, and, if this maximum does not exist 
in certain cases, the value of the test is very much less 
than it might otherwise have been. 

Mr. E. Bateson (Messrs. Rendel Palmer and Tritton, 
London) : One of the oldest paints in use for the pro- 
tection of steelwork is red lead. It is a very good priming 
paint, but I have always understood that it is very 
hygroscopic, and, whether it is exposed to the atmosphere 
or immersed, the water penetrates the red lead and tends 
to disintegrate the paint ; therefore it is important to 
use a good finishing paint to keep the water out. For 
that reason, I have always regarded red lead as a very 
unsuitable paint for immersed steelwork. 

Reference to the paper by Wormwell, Nurse, and Ison, 
shows that paint No. 32 containing about 16% of white 
lead gave extremely good results, but that paint No. 11 
which contains about 37°, of red lead was definitely 
inferior to paint No. 32. In neither case, however, are 
they linseed-oil paints, and it seems that the superiority 
of paint No. 32 over the lead paints to which we have 
been accustomed in the past is probably due to the use 
of vehicles other than linseed oil. Would the results in 





* Journal of The Tron and Steel Institute, 1949, vol. 162, 
pp. 129-135. 
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both cases be very much better if a different type of 
vehicle were used? For example, chlorinated rubber is 
used on the specimens shown in Figs. 7a and 8a, which 
are very much better than the specimens of paint No. 32 
shown in Fig. 6a. 

Mr. §. C. Britton (Tin Research Institute, Greenford, 
Middlesex) : The authors remark that with paint No. 173 
several maxima occurred, and that for confirmation of 
the choice of maximum to indicate the end of useful 
paint life, the rusting of the test-piece was observed. 
I have experienced a similar difficulty in using their 
technique. 

The rusting can, of course, be observed without making 
the potential measurements at all, and I agree with 
Dr. Hoar that the potential measurements are much 
more valuable as a means of observing how protective 
films break down than as a service test. The occurrence 
of several maxima may itself prove to be an indication 
that breakdown is taking place at isolated small areas, 
with temporary healing, but finally ending in localized 
corrosion. 

Dr. T. A. Banfield (The British Anti-Fouling Composi- 
tion and Paint Co., Ltd.) : In preparing their specimens, 
the authors apply by brush a controlled weight of paint 
to obtain the desired film thickness ; but I wonder how 
uniform that film thickness really is. With some form of 
mechanical film applicator, such as is on the market in 
the U.S.A. and in this country, they might be able to 
obtain a uniform controlled film thickness and possibly 
eliminate some of the fluctuations in their curves. 

Reference has been made earlier to the technique of 
reducing the film thickness in order to achieve acceler- 
ated breakdown ; it should. however, be pointed out that 
this must be done with great care. Paint films in general 
dry by evaporation of the solvent. and by oxidation and 
polymerization of the non-volatile vehicle. If the film 
thickness is reduced too far, then oxidation effects will 
be more pronounced than under normal conditions, and 
polymerization effects will possibly be reduced. One 
method of overcoming this objection might be to apply 
these thin films with a much shorter drying interval, 
and test them soon after application. 

Dr. H. €. Cocks (Royal Aircraft Establishment, Farn- 
borough): There is an analogy with the work of the 
authors in the measurement of the potential of so-called 
super-pure aluminium in sea water. When first immersed 
in sea water the potential of this material is about 
— 0-8, but after a period of about a fortnight the figure 
suddenly changes to approximately — 1-3 volts, with 
respect to the saturated calomel electrode as zero. The 
aluminium, of course, is not painted, but it presumably 
has an oxide film, so that the conditions are somewhat 
similar. 

In regard to Dr. Hoar’s theory of the penetration of 
the pores, I have had similar ideas about the change in 
potential of the super-pure aluminium, because when the 
potential changes to — 1-3 volts it is getting nearer to 
its theoretical or calculated potential, and it seems quite 
possible that after the lapse of a fortnight the oxide film 
is penetrated by chlorine ions. Again, of course, this is 
not a paint film. 


AUTHORS’ REPLIES 
Miss D. M. Brasher (Chemical Research Laboratory; 
Teddington), said in reply : I should like to reply chiefly 
to the points raised by Dr. Hoar and Dr. Mayne. There 
seem to be two main types of mechanism ; one associated 


with a fairly water-resistant medium containing pigment, 
the other with a medium alone, without a pigment. 
In the first case, when the rise in potential occurs it is 
not accompanied by a rise in resistance ; so that here 
we assume that the rise in potential is due to the repair 
of the oxide film underneath the paint, which does 
not affect the resistance. With the medium alone, a rise 
in potential sometimes occurs, but it is always very 
erratic and always accompanied by a rise in resistance, 
so that here we assume that the mechanism is different, 
and that the corrosion products which are formed block 
the pores in the medium and so cause a rise in potential. 

Dr. Mayne asked about other types of paint. We 
have tried a few media, such as chlorinated rubber, 
linseed oil, polyvinyl acetate, and others. With the first 
two, relatively little water absorption took place and the 
potential changes followed the resistance changes, as 
mentioned above. In the case of the polyviny! acetate 
the water absorption was very high, and the potential 
fell quickly to a very negative value and did not rise 
again. All the paints, as distinct from unpigmented 
media, which have so far been tested have contained 
linseed oil; we have not yet tried any with an inert 
medium plus a pigment. 

Dr. F. Wormwell, said in reply: The engineering 
aspect was referred to by Mr. Bateson and we can con- 
firm from our own experience, particularly with rotor 
tests, that red lead in a linseed oil medium can often 
give very poor results in sea water. We have often had 
serious grooving of the steel beneath red lead/linseed 
oil coatings, but we have had very good results with 
red lead in the chlorinated rubber medium. I agree that 
the vehicle is most important ; indeed, we conclude from 
our work that in many instances the performance of the 
paint is governed more by the properties of the vehicle 
than by the pigment. With a very good vehicle, such as 
the one used in Nos. 32 and 173, we can get very good 
results over a large range of pigmentation, and, as I 
said before, we have had very good results with the 
chlorinated rubber medium. 

I quite appreciate the point which Mr. Britton made. 
We do not by any means deny the value of visual obser- 
vations, and we have to fall back on this method some- 
times, but we think that visual observations and the 
potential changes, or other electrical changes, give a 
more complete picture than would visual observations 
alone. We agree with Dr. Hoar and Mr. Britton that 
potential measurements are particularly valuable in 
interpreting the mechanism of the breakdown of protec- 
tive films. 

I agree with Dr. Banfield on the care needed in apply- 
ing very thin films and I welcome his suggestion of im- 
proved methods of application. His suggestion of using 
a shorter drying period after the application of the thin 
coat of paint is a very good one. 

We welcome the comments of Dr. Cocks on his work 
in connection with pure aluminium. It does appear 
from what he says, and particularly from what Dr. 
Hoar has told us, that the sort of potential/time curve 
which we have obtained with many of these paint systems 
may be much more general; it may be, as he says, a 
matter of the time factor. The effect of the paint is to 
slow down the reaction, by interposing a barrier to ordin- 
ary diffusion. It replaces an electrolyte such as sea water 


or a salt solution by what is virtually an electrolyte of 


very high resistance, comprising a small amount of water 
or salt solution in the pores of an otherwise relatively 
insulating covering. 
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Pressure and Flow Distribution in a Model of 


a Venturi-l'ype Open-Hearth Furnace 


By J. A. Leys. B.Se., and E. T. Leigh 


SYNOPSIS 


Measurements have been made, on a 1/24 scale 


mode! of a 120-ton open-hearth Venturi furnace, of 


the pressure losses in the regenerator and uptake systems, the velocity distribution in the air uptakes and 


in the furnace chamber, and the partition of waste gases at the outgoing end of the furnace. 


Calculations 


have also been made of the losses between various points in the furnace, and these are compared with the 


experimental results. 


OME information on the pressure and flow distri- 
bution in furnaces has been obtained in the past 
both by experimental work on a full scale,’ 2 1* 

and by work on models.*: +: > In addition, published 
literature®: 7.8 contains information on pressure-loss 
factors in furnace systems. 

Experiments on models working under the relevant 
similarity criteria have a particular advantage in the 
facility with which they can be carried out. The 
continually changing operating conditions of an actual 
furnace constitute a serious difficulty in carrying out 
full-scale experiments. Using a model with cold air, 
the inability to simulate thermal phenomena, ¢.g., 
buoyancy effects and local expansion, is not con- 
sidered serious enough to invalidate the results gained 
from such a model. 


AIM OF EXPERIMENT 


It was planned originally to carry out measurements 
on a model uptake system of an open-hearth furnace, 
working under Reynolds similarity, to investigate the 
partition of air between the uptakes. It had been 
suggested at the time that, owing to different pressure- 
loss factors along the two paths, asymmetry in the 
quantities passing through the two uptakes and the 
downtakes might be the cause of the marked tendency 
of the flame to travel towards the back wall of the 
furnace chamber. These experiments were extended, 
however, to a general investigation of pressure losses 
and flow distribution in the uptake systems (both air 
and gas), a velocity survey in the furnace chamber 
itself, and a measurement of the partition of waste 
gases between the downtakes of the furnace. 

With this in view, a 1/24 scale model of a 120-ton 
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Agreement of observed with calculated pressure-loss factors is generally good. 


Venturi furnace was built, including checker work 
and regenerators, working with cold air in both gas 
and air systems. 


THEORETICAL CONSIDERATIONS 
Similarity 

In a model working under Reynolds similarity, the 
precise requirement is that the function R = Vd/y 
(where R is a Reynolds number, V is a characteristic 
velocity, d a characteristic dimension, and y the 
kinematic viscosity of the fluid) should be the same 
in the model and in the full-scale counterpart. How- 
ever, if the Reynolds numbers are high it is usually 
necessary for the Reynolds criterion to be only 
approximately fulfilled, that is, for the Reynolds 
numbers to be of the same order of magnitude. 

A more important criterion in the case of an open- 
hearth furnace model is that the air/gas ratio should 
be the same in the model and in the full-scale furnace. 

Since the model was to work with a single gas (air 
at room temperature), the effects of temperature 
distribution, and the change of physical charac- 
teristics of the gases in the working furnace, could 
not be allowed for. It was thus necessary to assume 
a constant temperature and a constant set of physical 
characteristics for all the gases in the furnace system. 





Paper SM/A/107/49 of the Steel Practice Committee 
of the Steel Making Division of the British Iron and 
Steel Research Association, received 26th January, 1950. 
The views expressed are the authors’ and are not neces- 
sarily endorsed by the Committee as a body. 

Mr. Leys and Mr. Leigh are members of the Aero- 
dynamics Section of the Physics Department of the 
Research Association. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





302 LEYS AND LEIGH : PRESSURE AND FLOW DISTRIBUTION 


It was therefore decided to treat the furnace system 
as though air at 1500° C. were passing through both 
the air and gas systems : the effect of this approxima- 
tion on the results is as follows: 

(a) In the regenerators and uptakes, the values of 
pressure-loss factors are independent of Reynolds 
number at high Reynolds number. Thus, although 
the effect of the approximation is to give incorrect 
values of velocity and viscosity (i.e., of Reynolds 
number), the pressure-loss factors found are valid 
when expressed in a dimensionless form. 

(b) In the furnace chamber, local expansions will 
alter the flame shape in combustion, and temperature 
gradients in the chamber will cause divergences owing 
to buoyancy. In spite of these effects, there is evidence 
that the flow pattern obtained will give at least 
a first approximation to the true flow in the furnace.‘ 
For the purpose of estimating the air and gas flow 

in the model, in which air at room temperature would 
be used, the air flow in the actual furnace was assumed 
to be 6 x 10° cu. ft./hr. at N.T.P. Assuming a mean 
temperature of 1500° C., this gives an actual flow rate 
of 3-6 x 108 cu. ft./hr. The Reynolds criterion may 





be stated : / 
ey - (2) 
dv] model dy furnace 
i.e., Qm _ 8, op Om _ 4m ym, 
Aim dyvy OF dy vf 


where Q is the volume flow rate. 

The scale of the model was 1/24, and thus d,,,/dy = 
1/24 ; also v,,/vy = 1/20 for air at room temperature 
and at 1500°C. Therefore, Q,,/Q; = 1/480, giving an 
air flow of 125 cu. ft./min. 

Assuming an air/gas ratio of 1-25, this gives a gas 
flow, in the model, of 100 cu. ft./min. 


Pressure Losses 


The total energy at any point in a flow system is 
given approximately by 


E =p + $V? 
where p is the static pressure, V the mean velocity, 
and pe the density of the fluid, all in consistent units. 


| Blower, B 


The loss of energy between two points P, and P, 
will be given by : 
AE = (p, + 3Vp,*) — (pre 4pV,,”) 
and the pressure-loss factor may be defined® by : 


: AE _Ap i aa (2) 

$eV,>bpV,* | Vy" J 
This equation was used as a basis for the calculations 
of pressure-loss factors in the furnace system. In each 
instance V was calculated from Q/A, where A = area 
of cross section. The actual magnitude of the pressure- 
loss factor will differ according to the dynamic head 

to which it is referred (7.e., initial or final). 


F 


Summary 

For high Reynolds numbers, only approximate 
fulfilment of the Reynolds criterion is necessary. For 
a qualitative picture of flow distribution, buoyancy 
effects and local expansions may be ignored. It is 
important that the air/gas ratio should be the same in 
the model and full-scale furnaces. 

The pressure-loss factor of a system is given by the 
loss of total energy through the system, referred to 
either the ingoing or the outgoing dynamic heads. 


DESCRIPTION OF APPARATUS 


The furnace model (Fig. 1) was constructed of 
plywood and Perspex sheet. The model itself was 
built on a sheet of wood, and was constructed so that 
this sheet formed the level of the slag in the bath. 
The roof was of a thin sheet of Perspex, supported 
by wooden cross-pieces. Plasticine was used to give 
geometrical similarity to the inside of the furnace 
chamber. The uptakes and downtakes were con- 
structed of }-in. Perspex sheet. Staggered checkers, 
constructed of strips of wood of section % in. x } in. 
(these being readily available), were built for both 
ingoing (R) and outgoing (S) ends. The checker work 
on the ingoing end is shown in Fig. 2. Air was supplied 
from a blower (B) via pipes (P). Orifice meters (O) 
were included in this pipe line, and valves (@) were 
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Fig. 1—Diagram of furnace system: (a) Sectional plan, (b) vertical section on centre line of furnace, (c) section 
through air regenerator chamber, air uptakes and port end 
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Fig. 2—-Checker work and slag pocket 


used to control the rate of flow. The slag pockets 
were half filled in, to simulate actual conditions ; 
Fig. 3 shows the complete system. 

The actual rates of flow were : air, 122 cu. ft./min., 
and gas, 97 cu. ft./min., which give an air/gas ratio 
of 1-26. 

EXPERIMENTAL PROCEDURE 

Static pressure readings were taken at successive 
points through the system, using a simple U-tube 
manometer to measure the pressure with respect to 
atmosphere. Owing to the turbulent conditions, the 
static pressure at any point fluctuated considerably, 
and the pressures recorded were estimated means. 
For measuring velocities in regions where static 
pressure might be changing rapidly, 7.e., in the uptakes 
and in the furnace chamber, a combined Pitot tube 
was used in which the total and static pressure points 
were only 1 cm. apart. Velocity surveys were made 
in the uptakes and downtakes just below stage level, 
and at various sections across the furnace chamber 
(Fig. 1). Total quantities passing in the uptakes and 
downtakes were estimated from these velocity 
readings. 

EXPERIMENTAL RESULTS 
Flow in Uptakes and Downtakes 

Velocity distributions in the uptakes and down- 
takes, at planes just below stage level, are given in 
Fig. 4. 

The estimated quantities flowing were as follows : 


Gas, Stage Air, Pit Air. Total, 

cu. ft./min. cu. ft./min. cu. ft./min. cu. ft. min. 
Ingoing 96 70 60 226 
Outgoing 51 82 76 209 


and the ingoing quantity as given by orifice meters 
was : 
Gas 97 cu. ft./min. 
Air 122 cu. ft./min. 
Total ingoing quantity : 219 eu. ft./min. 

The agreement of the estimated quantities in the 
uptakes and downtakes is good, bearing in mind that 
the air uptakes are curved ducts which will give rise 
to velocity components in directions other than that 
in which measurements were taken. 

The foregoing figures give the partition of waste 
gases at the outgoing end of the furnace. The checker 
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Fig. 3—-View of furnace system 


work in the outgoing end helps to ensure that the 
resistance to flow along the two paths, i.e., air and 
gas, will be in the same ratio as in the full-scale 
furnace. The figures also show the asymmetry in the 
air flow at the ingoing end. For all uptake systems 
of similar configuration, there will be a preponderance 
of air up the stage uptake, of the same order as 
obtained in these experiments. 


@) (b) 
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Fig. 4—-Flow pattern just below stage level: (a) uptakes, 
ingoing end, (6) downtakes. Figures on diagrams 
are velocities in ft./sec. 
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Table I 
LOSS FACTORS 
Head to Loss 
t 
which Loss i Factor, 
Loss is Gas 
Referred 
Entry to checker checker 0-69 0.43 
Loss per course of 
checker checker 0.28 0.26 
Exit loss to bridge 
wall checker 1-00 1-22 
Loss from bridge Stage 2-84 
wall to uptake uptake | Pit 4-25 1.25 
Loss in bend from 
uptake to gas port | uptake bi. 2-80 




















Pressure Losses 

It is only possible to specify pressure losses between 
points where the flow across the section is in a direction 
approximately perpendicular to the section, e.g., 
across the bridge wall between slag pocket and 
regenerator, in the checker work, in the uptakes, and 
so on. At these points the dynamic energy may be 
obtained by calculating the mean velocity, V, across 
the section, from the known quantity passing, and 
the area of the section (V = Q/A). At other points, 
e.g., at the entry to the checker work, the flow may 
be at some places parallel to and at some places 
perpendicular to the checkers, so that it is impossible 
to calculate the dynamic energy. A simple difference 
of static pressure between two points will not then 
give a measure of energy loss that can be generally 
applied (see p. 302). 

Loss of Energy on Entry to Checker Work—The 
two points considered here were the wicket and a 
point two courses into the checker work, where the 
flow could be considered uniform across the section 
of the regenerator. This point was found by reading 
static pressures along two parallel lines up the 
regenerators (AA and BB, Fig. Ic), and taking a 
point where the static pressures became equal. The 
loss of energy was expressed as a fraction of the 
dynamic energy in the checkers. 

Loss of Energy in Checker Work—The static pressure 
drop was measured across six courses of checkers, and 
the loss per course was calculated. The dynamic head 
was determined by assuming that 25% of the area of 
any plane was available for flow, since the brickwork 
occupied 75% of the area of any section of the 
regenerator. The checkers for which the loss factor 
is determined in this measurement are, of course, 
ideal. As the checkers melt or become choked the 
loss factor will alter. 

Loss of Energy Between Checker Work and Bridge 
Wall—Here, the loss was measured between a section 
two courses inside the checker work at the outgoing 
end, and the bridge wall between regenerator and 
slag pocket. 

Loss of Energy Between Bridge Wall and Uptakes— 
For the gas uptake, the dynamic energy in the uptake 
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was calculated from the known quantity of air 
passing through the gas line, and the loss was thus 
measured from the bridge wall to a point well inside 
the uptake. 

For the air uptakes a division of the stream of 
Qstaye/Qpit = 7/6 was obtained, and the actual quanti- 
ties in the two uptakes were calculated, based on a 
total quantity of 122 cu. ft./min. 

Thus Qstage = x X 122 = 66 cu. ft./min., 

and Qpit = 8, < 122 = 56 cu. ft./min. 


These quantities were used for the calculation of the 
loss factors. 

Loss of Energy in Gas Port—The loss factor 
was determined for the bend between the gas uptake 
and port. 

Results are given in Table I, in which the 
dynamic head to which the loss is referred is given 
for each quantity. Energy diagrams (total, dynamic, 
and static) for the air and gas systems are given in 
Fig. 5. ; 
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Fig. 5—Energy drop in (a) gas system, (6) air system 
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Flow Distribution in the Furnace Chamber 


The velocity components (in ft./sec.) parallel to 
the furnace centre line, at the sections 1-5 (Fig. 1a), 
were plotted and are given in contour form in Fig. 6. 


DISCUSSION OF RESULTS 
Partition of the Ingoing Air and Outgoing Waste Gases 


Examination of the ingoing air flow shows a ratio of 
7:6 in the quantities passing through the two uptakes, 
with the greater quantity passing in the stage uptake. 
This is to be expected, since a superficial examination 
of the geometry of the uptake system suggests that 
the resistance to flow of the stage uptake will be 
less than that of the pit side. It is probable that 
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Fig. 6—Velocity distribution in furnace at sections in 
Fig. la. Figures on diagrams are velocities in 
ft./sec. 
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very large differences between the two quantities 
would be necessary to cause a deflection of the 
flame, especially on a Venturi-type furnace. Further, 
a full-scale cold trial, carried out on a typical oil-fired 
furnace with two uptakes, suggests that the tendency 
for the flame to travel along the back wall does not 
depend on the asymmetry of the ingoing air flow.14 
Static pressure readings in the two air downtakes, 
when combined with the dynamic energies obtained 
from the estimated quantities passing down them 
(82 cu. ft./min. and 76 cu. ft./min. down the stage 
and pit downtakes respectively), give a higher total 
energy in the pit downtake. The loss from the down- 
takes to some common point, eg., to the outgoing 
bridge wall, will thus be greater for the pit downtake. 
The stage downtake, therefore, having a lower 
resistance than the pit, would tend to cause waste 
gas to pass down the stage side, and so perhaps keep 
the flame nearer the front of the furnace chamber. 
The complete partition of the waste gases is given 
by 
Q. tage Qpit 7 Qoas 


88 7%  # &«6i1 





Pressure Losses in the Uptake Systems 

In order that calculated pressure losses in the 
system may be compared with experimental results, 
the several configurations must be reduced to simpler 
systems so that standard experimental data and semi- 
empirical equations may be applied to them. Standard 
data for these calculations are taken from a paper by 
Leys.® 

The value of the pressure loss in checkers agrees 
fairly well with that given by Kistner,’ which is 
quoted by Etherington,’ although that figure is for 
unstaggered checkers. The value obtained for entry 
to checkers is somewhat lower than those quoted by 
Bansen,!11 who gives a factor of 1-8 for 
30-40%, free passage and velocities up to 10 ft./sec. 
Etherington, however, thinks this figure is high. 

Considering the loss in the passage from the wicket 
to just inside the checkers, one would expect the loss 
factor to be somewhat in excess of that for an abrupt 
contraction with an area ratio of 1:4 (7.e., for the 
checker, 25% free passage) for which a reasonable 
value is 0-4. This is in good agreement with the 
results obtained in these experiments. 

The results also confirm that the from 
checker work to bridge wall for the gas and air systems 
are approximately the same, since the general con- 
figuration is similar. 

For the entry to the uptakes, an estimate of the loss 
can be made by considering the passage from the 
bridge wall to the uptake as an elbow with unequal 
inlet and outlet areas, and using an equation due to 
Vazsonyi :}3: 6 


loss 


losses 


Ah = 
ee. ee | 
Vig 1 + (2 vi? 





where: V, = ingoing velocity 
V, = outgoing velocity 
Ah = pressure loss 
A = experimental coefficient which, for 
rectangular sections, is 0-75. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 
D 








306 LEYS AND LEIGH : VENTURI-TYPE OPEN-HEARTH FURNACE 


2 2 
Now: Ys" __ 4’ where A, and A, are the entry 


vy 4,” 
and exit areas respectively. 
Therefore, 
eee ee A;? 
V)29 =1+4 (2 — 1) ys 


The ratio of gas uptake area to the area of flow at 
the bridge wall is approximately 1: 2-8, and this 
gives a loss factor (referred to the dynamic energy at 
the bridge wall) of approximately 5. For the passage 
of the gas into the slag pocket, and allowing for its 
size, a factor of 0-5 (referred to the energy in the 
uptake) is reasonable. This factor will be 4-0 when 
referred to the dynamic energy on the bridge wall ; 
the total loss factor is therefore 9-0. Referring this 
to the energy in the uptake a figure of 1-15 is 
obtained, which agrees fairly well with the experi- 
mental result. 

For the air uptakes, the effect of the passage into 
the slag pocket will be quite small, owing to the large 
area of the uptakes. Treating the uptakes as elbows 
with unequal inlet and outlet areas (with a ratio of 
bridge-wall area to uptake area of 1-6: 1), the loss 
factor for each path, calculated from Vazsonyi’s 
formula, is 2-3. Referring these to the dynamic 
energies in the uptakes, the loss factors for the two 
paths are : stage uptake, 2-9, pit uptake, 4-4, which 
agree with experimental values. 

For the loss in the bend between gas uptake and 
port, Vazsonyi’s formula gives a loss factor (referred 
to the dynamic energy in the port) of 2-90, again in 
good agreement with the experimental figure. 

The agreement of the calculated values with 
experimental results is very satisfactory when one 
considers the somewhat drastic simplifications which 
must be made before standard results and equations 
can be applied. A comparison of experimental and 
calculated loss factors is as follows : 


Air Gas 
Experimental Calculated Experimental Calculated 


Entry to 
checkers 0-69 0-4+ 0-43 0-4-4 


Entry to Stage 2:84 Stage 2-9 
uptakes Pit 4-25 Pit 4-4 1-25 1-15 
Bend to 


gas port 2-8 2:9 


Flow Distribution in the Furnace Chamber 

The velocity contours (Fig. 6) show that the jet 
from the gas port spreads out across the bath and 
progressively along the furnace. A_ back-flowing 
stream originating between sections 4 and 5 fills the 
whole of the upper part of the furnace in the region 
of the first door, but is parted by the forward-flowing 
stream and disappears as two small streams in the 
region of section 1, i.e., towards the knuckle. The 
main flowing stream appears to make for the front 
wall rather than the back. 

CONCLUSIONS 

Owing to the different loss factors for the paths 
to the two air uptakes, there is an asymmetry in the 
air flow from them. This asymmetry has had no 
appreciable effect on the flow pattern in the chamber 
of this furnace. Trials on a full-scale typical oil-fired 
furnace! suggest that, in this instance, the tendency 
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of the flame to travel along the back wall is not a 
function of any difference in the quantities flowing 
up the two uptakes. Similarly, since the flow resis- 
tance of the stage downtake is less than that of the 
pit downtake, an attraction of the flame toward 
the pit downtake would not appear to be feasible. 

Further experiments of this nature are being carried 
out on a model of a typical oil-fired furnace. 
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Metallurgical Applications of the Electron 
Microscope 


This volume, published in the Monograph and Report 
Series (No. 8), contains 13 papers presented at a Sym- 
posium held in London on 16th November, 1949, by the 
Institute of Metals in association with the Chemical 
Society, the Faraday Society, the Institute of Physics, 
the Institution of Electrical Engineers, The Iron and 
Steel Institute, the Physical Society, and the Royal 
Microscopical Society. 

Some of the papers are of a review character and 
summarize the work that has been done so far in Great 
Britain, France, Germany, and the United States ; 
others record research results hitherto unpublished. 

The discussion, which is fully reported in the Mono- 
graph, contains important contributions from metal- 
lurgists and from leading workers in the field of electron 
microscopy. 

Copies of the Monograph may be obtained from the 
Secretary of the Institute of Metals, 4 Grosvenor Gar- 
dens, London, 8.W.1 (price 21s.). 
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Ingot Heat Conservation 


MOULD AND INGOT SURFACE TEMPERATURE MEASUREMENTS 
By A. V. Brancker, Ph.D. 


SYNOPSIS 


Surface temperatures have been measured at 36 positions on the four sides of a mould. 
Two complete sets of temperature data were obtained for two 


ments extended from teeming to stripping. 


These measure- 


different mould positions in a casting pit during two separate top teeming operations. 
In each test, immediately the ingots were stripped, temperatures were measured with an optical pyro- 


meter. 


Temperature continuity was therefore maintained until the ingots were charged to the soaking pits. 


Significant differences were found between the temperatures on the faces of each mould, and also between 


the two mould positions. 


Introduction 


ITTLE is known of the changes in heat content and 
temperature distribution of steel ingots between 
teeming and rolling. On such changes depend the 

times required to solidify the steel sufficiently to 
permit safe handling, and to bring the stripped ingots 
to a uniform temperature in the soaking pits. 

More or less arbitrary rules are adopted in the 
majority of works, stipulating a minimum solidifica- 
tion time, and relating the total track time to the 
subsequent heating time. Considerable variation in 
such times is found between different works, and this 
has an important bearing on the number of soaking 
pits required and on the fuel consumption per ton 
of ingots. 

Although it appears that factors of safety are unduly 
high, in some of the works, it is obviously desirable to 
obtain confirmation by actual measurements of the 
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steel temperature at the various stages. Such measure- 
ments cannot readily be made under normal casting- 
bay conditions, and, moreover, through the necessity 
of incorporating thermocouples in the steel, they 
involve the subsequent scrapping of the ingot. 

A recent report’ on casting-bay practice indicated 
that at some works the thermal history of the ingots 
is likely to be different both between cast and cast, 
and between ingot and ingot, within one cast. It 
was considered, therefore, that attempts should be 
made at first to ascertain the surface temperature 
changes of moulds and ingots, and to calculate the 





Paper PE/AB/46/49 of the Instruments Sub-Committee 
of the Plant Engineering Division of the British [ron 
and Steel Research Association, received 7th Mareh, 
1950. The views expressed are the author’s and are not 
necessarily endorsed by the Sub-Committee as a body. 

Dr. Brancker is a Senior Scientifie Officer in the Plant 
Engineering Division of the Association. 
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Fig. 2—Schematic circuit for recording mould tem- 
perature measurements 
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Fig. 4—Temperature recordings with mould in (a) 
position 1, and (b) position 5 


internal temperature distribution. If this proved 
practicable it might then be possible to confirm the 
calculations by direct internal measurements on one 
or two ingots. 

Thermocouples fixed to the mould surface in a 
casting pit were at first thought to be impracticable, 
and in order to give the minimum of interference with 
the normal casting-bay operation it was considered 
that the surface temperatures should be obtained 
by means of contact pyrometers, which could be 
completely removed when necessary and would have 
the added advantage that any appropriate point could 
be selected. 

The first experiments? using 
insulated probe thermocouples 
were, however, not satisfactory, 
on account of variable error 
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Pit side 


The second test was made with the mould 


and fragility, and pending the 
development of more suitable 
prototypes it was felt that a 
preliminary survey should be 
made to assess the practica- 
bility of fitting thermocouples 
to the mould. The technique 
adopted and the preliminary 
results obtained are described 
below. 

MOULD TEMPERATURE 

MEASUREMENTS 

Experimental Technique 

In the measurement of sur- 
face temperatures by contact 
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thermocouples the readings obtained are invariably 
lower than the true temperature, mainly because 
of heat losses from the two wires extending from 
the hot junction. To obtain a more accurate 
temperature it is necessary that a length of the 
thermocouple wires, equal to about 12 times their 
diameter, should be at the temperature of the hot 
junction. One method of attaining this objective is 
to form a small spiral of the wires supported on an 
insulating material, so that the junction and the wires 
are in the same plane. The use of insulating material 
tends, however, to form a hot spot. Moreover, since 
the mould surfaces are generally rough, contact is 
seldom good, and wear on the thermocouple causes 
fracture. 

Because of these difficulties, and pending improve- 
ments to contact thermocouples, it was decided to 
employ in this investigation a modification of the 
technique in which peened thermocouples were used. 
In these earlier measurements the wires extended 
horizontally from the vertical face of the mould to 
the recorder. In the present study, the mould was 
placed on the bank for assembly of the apparatus 
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and then transferred to a casting pit for top teeming. 
It was necessary to ensure that the thermocouples 
were fixed securely in the requisite positions, and that 
the various circuits were checked before the mould 
was lowered into the casting pit. 

The thermocouples, which were 22 G. chromel- 
alumel wires, were first brazed into }-in. steel screw 
plugs of the type shown in Fig. 1, and to reduce heat 
losses provision was made to recess the wires in slots 
provided on the surface of the plugs. The brazing 
was not satisfactory, however, and the wires in the 
immediate vicinity of the plug surfaces were brittle 
and broke easily. In view of the strenuous conditions 
to be encountered, this method of junction was 
abandoned. As a practical alternative the plugs were 
redrilled throughout their lengths and slotted at their 
bases. The thermocouple wires, which were paint 
insulated, were threaded through, twisted together, 
and recessed in the slots. The thermocouple plugs 
were screwed into 36 holes drilled and tapped in the 
four surfaces of the test mould at the positions shown 
in Fig. 1. In this operation the wires were wound 
conveniently on formers. Under these conditions the 





Table I 
INGOT TEMPERATURE MEASUREMENTS AT MOULD POSITION 1, © C. 

Time, min. A A. A; A, A, my A, A, A, ye y ye 
0 20 20 20 30 30 35 25 25 20 20 20 20 
3 45 52 52 64 64 64 58 65 65 58 60 60 
6 132 135 132 145 145 145 134 145 142 135 138 138 
10} 185 200 195 220 224 218 200 210 210 200 205 205 
14} 238 255 245 295 304 280 258 260 265 260 268 265 
19 285 298 285 360 380 340 310 315 312 308 313 315 
24 325 =. 335 320 428 465 405 360 360 360 355 390 «=: 360 
303 370 =. 375 355 505 565 475 425 420 415 415 460 420 
371 420 420 385 565 635 540 485 480 465 460 525 470 
45 463 463 425 626 705 614 602 558 517 539 587 528 
66} 552 552-484 627 701 631 587 566 492 600 681 625 
77 581 613 507 603 684 612 566 541 477 576 693 637 
90 595 587 528 603 690 623 566 540 479 580 713 653 

B B, B, B, B, B, B, B, B, Ba B,, B,, 
1 20 20 20 20 20 20 20 20 20 20 20 20 
4 72 75 78 95 95 95 88 88 90 85 85 7 
7 140 148 148 170 175 178 164 164 164 155 160 156 
11} 205 205 205 240 248 238 222 222 220 210 215 218 
16 255 255 254 314 325 300 278 278 274 265 280 272 
203 295 298 290 =. 380 405 355 325 325 315 320 335 320 
253 335 335 325 445 485 420 380 375 360 «3552S 400 365 
32} 380 375 355 530 580 490 435 435 415 410 © 465 415 
40 425 415 390 610 685 555 495 490 470-455 525 465 
48 477 468 443 7 i ie % a 
59 * * * 790 862 743 940 920 a 
62} ” i is as ae ees 697 580 635 557 
693 560 543 567 610 680 600 645 547 501 566 670 613 
804 573 565 523 603 663 599 550 528 482 555 ie 617 
93} 591 571 537 613 670 605 552 528 483 569 z 633 
Cc; C, Cc C, Cc C,” Cc: C, Cc, Cro Cu Ci: 
2 20 20 20 20 35 35 35 35 40 40 40 40 
5 95 95 100 120 120 122 115 120 120 110 114 114 
9 163 165 165 195 195 195 185 190 186 178 183 183 
133 215 215 215 260 265 255 240 a 235 228 236 235 
17} 265 265 258 330 =. 335 312 285 de, 285 275 295 = 278 
22} 305 =. 305 295 400 415 365 340 im 330 «= 320ss345——s 320 
28 340 89-345 325 470 = 495 425 395 oe 380 360 405 : 
35 385 375 355 545 590 495 445 ne 430 415 470 415 
42} 420 410 400 625 650 560 500 fe 485 485 525 460 
63 487 477 452 762 712 641 573 534 562 612 547 
733 541 525 620 630 630 583 520 aK 473 554 643 576 
86 545 533 510 577 628 588 523 i 467 555 653 584 
97 560 543 517 587 643 590 532 a 478 563 659 591 
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temperatures subsequently measured were those at 
positions } in. below the mould surface, and this 
technique ensured that heat losses were at a minimum. 

After screwing in the thermocouple plugs, the 
chromel-alumel wires were unwound from the former 
and connected to Sindanyo terminal boards, which 
were attached to the two long faces of the mould, in 
the positions shown in Fig. 1. They were hooked on 
the mould edges with bent steel strip, instead of being 
bolted into position as originally designed. The 
chromel—alumel wires passing from the two short 
faces to the two terminal boards were insulated with 
fibre-glass sleeving, and the remaining wires from the 
long faces were covered with insulating paint. 

From the terminal boards, about 60 ft. of copper- 
constantan compensating cable passed to four 9-way 
Grelco blocks. This cable was supported at the mould 
by means of § hooks to prevent undue drag on the 
terminal boards. The circuit employed is shown 
schematically in Fig. 2, and comprised, in addition to 
the chromel-alumel wires, the compensating cable, 
four 9-core copper cables, a manually operated switch 


panel, and a direct-reading millivoltmeter. Provision 
was also made for measuring the temperature at the 
Grelco blocks. Following the assembly of the thermo- 
couples and circuit, the mould, initially on the bank, 
was handled by a crane to the teeming pit. Tempera- 
tures were then measured during two successive 
teeming operations, and continued in each case until 
the ingots were stripped. 

The posit:-2s in the teeming pit are normally 
numbered for subsequent identification of the ingots. 
In the first test the mould was placed in position 1, 
shown in Fig. 3, and in position 5 for the second test. 
Both experiments were made without modifying or 
interfering with normal teeming practice. 


Experimental Results 


Temperatures were measured at three planes 
designated A, B, C, for the first test, and A’, B’, C’ 
for the second test. On any one of these planes each 


face contained three thermocouples, giving a total of 


12 on each plane. 
Starting at plane A. thermocouple position A,, 














Table II 
INGOT TEMPERATURE MEASUREMENTS AT MOULD POSITION 5, °C. 

Time, min. A,’ A,’ A,’ A,’ A,’ A,’ A,’ A,’ A,’ Ajo’ A,,’ A,’ 
0 32 34 34 34 33 33 34 35 28 27 27 
3} 38 43 44 45 51 50 55 57 48 48 48 
73 110 123 119 125 130 130 142 142 129 13 0 127 

123 186 200 195 219 223 211 223 220 204 206 200 
18 238 252 242 305 300 278 285 278 260 268 255 
234 280 298 290 375 360 333 332 320 310 330 312 
30} 323 331 317 430 475 380 378 363 354 372 350 
353 355 362 343 467 457 423 417 399 393 416 384 
42 385 386 363 510 503 464 456 432 427 455 418 
494 414 417 389 553 547 507 494 469 467 502 455 
624 455 458 422 617 617 563 550 518 510 548 497 
72} 490 495 463 642 632 580 562 516 525 584 533 
81} 523 536 500 682 627 560 539 479 531 600 560 
91} 533 548 510 694 635 570 540 478 539 620 573 
98} 550 560 527 700 Bit 651 595 565 460 530 605 555 
BY’ BY B,’ B,’ B,’ B,’ B,’ B,’ B,’ B,,’ B,,’ B,,’ 
ij 34 35 33 33 33 38 40 40 SZ 31 32 
4 63 65 65 71 CK 78 78 80 ef 4 73 73 
9} 141 147 147 159 165 158 162 160 153 155 153 
14} 205 215 212 247 250 242 245 238 225 230 224 
203 252 261 255 325 313 294 297 285 269 279 265 
27} 304 313 300 407 383 358 355 337 325 341 320 
314 330 338 321 442 418 392 390 368 360 378 350 
373 361 370 351 483 470 438 435 411 400 423 385 
43 388 393 370 527 510 479 472 443 433 457 415 
524 420 427 393 575 550 517 510 477 469 497 445 
65} 460 467 427 636 608 566 558 524 512 545 490 
743 497 505 471 655 619 570 554 520 533 580 532 
84 528 537 508 687 622 560 540 500 542 ene 555 
934 541 550 522 710 ict 637 570 547 520 587 ae 600 
Cc, Cy’ cy OM Cc,’ C,’ c cy C,’ Ge “dg cy 
2} 45 45 48 47 46 48 52 ; 54 46 43 42 
5} 87 90 95 102 105 106 105 Ae 113 103 104 103 
104 160 165 170 195 202 197 193 bee 193 178 179 179 
17} 223 231 227 281 295 275 263 ‘ 260 240 242 234 
21 260 265 259 342 361 320 307 ; 295 273 280 269 
84 307 310 300 419 444 385 365 “A 347 328 340 317 
32 337 337 323 445 484 420 395 ee 375 359 370 340 
39} 366 365 348 492 537 465 437 , 415 395 410 372 
46} 395 393 372 531 583 505 477 : 450 427 443 400 
53} 418 415 395 580 640 543 517 ; 460 480 482 431 
67} 457 450 428 625 692 587 550 ; 519 500 527 473 
78 493 492 472 649 700 587 535 : 490 513 555 508 
873 507 510 492 670 720 597 543 ate 490 523 569 rs 
963 550 550 532 710 750 620 570 ‘ 490 547 Se 
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Fig. 5—Comparisons of temperature recordings from various thermocouples 


readings commenced immediately the hot metal hit 
the bottom plate, and proceeded through the sequences 
A, to Ay», then B, to By», followed by C, to Cyo, and 
were repeated until the mould was removed from the 
ingot. A total of 36 readings was taken in 3 min., and 
the intervals between couple readings were approx. 
9 sec. 

The results obtained for the test mould, in positions 
1 and 5, are given, respectively, in Tables I and II, 
and some are shown graphically in Fig. 4. Only 
sufficient data have been plotted to indicate differences 
for the two mould positions. Some of these curves 
have, for clarity, been reproduced in Fig. 5, and permit 
a comparison to be made between temperatures 
obtained with thermocouples A;, B;, C;, and C;’ ; 
Ay, By, Cy, and Cy)’; and A,, By, C,,andC,’. In Figs. 
6 and 7 the surface temperatures on the 


optical pyrometer. To locate, with some precision, 
a series of positions on the ingot surface a Sidanyo 
grid mounted on a tripod was employed (Fig. 9). 

3efore using this assembly snap readings were taken 
of the ingot in the pit as the mould was lifted, but 
although no high accuracy was obtained, as it was 
difficult to locate the exact positions measured, the 
readings corresponded approximately to the 7, M, L, 
positions given in Fig. 9. 

Following these measurements, the ingot from 
position 1 was transferred to the bank and set in a 
marked position, 9 ft. from the Sindanyo grid. The 
optical pyrometer, mounted on its tripod 3 ft. 6 in 
from the grid, was sighted and readings were taken 
in the order 7, 7’, T'3, M,, Mz, Mg, L,, Lo, Ly, until 


the ingot was charged to the soaking pit. A similar 


Meter Limit 





four faces of the mould have been plotted — 90 or 
against corresponding thermocouple posi- a 
tions. In this method of plotting the mould 40 

faces have been ‘opened out’ to form the 
abscissa. A further method of plotting the 
results in position 1 is shown in Fig. 8, in 
which the thermocouple positions have been 
marked off on radial lines superposed on a 


ee 


700} 


plan of the mould. The temperatures shown - 
at 143, 19, 303, and 77 min. refer to the A ¥ 59% 





plane, but additional interpolated data 
have been included, at 77 min., for the B 
and C planes. 


TEMPERATURE, °C 


INGOT TEMPERATURE MEASURE- 
MENTS 


Experimental Technique 


temperature of stripped ingots were mainly _ 
confined to contact thermocouples, which Aes 


Previous attempts? to measure the surface * ie 
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had not proved entirely satisfactory. In ‘i oy 
the present experiments it was decided, 
therefore, to employ a Leeds Northrup 
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Fig. 6—Surface temperatures on mould faces in position 1: (a 


Plane A, (b) plane B 
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C, position 1, (6) plane C, position 5 


procedure was adopted throughout for the ingot from 
position 5, and in both tests the long face of the 
ingot scanned was that initialiy adjacent to the pit 
side in the casting bay. The points of observation on 
these long faces corresponded to positions, 18 in. 
apart, on a 3-ft. square, as shown in Fig. 9. Of the 
7, M, L planes, only the VM plane corresponded to 
the thermocouple positions on the mould. Additional 
holes were provided on the grid in an attempt to make 
the positions of the optical readings correspond to 
those on the moulds, but there was difficulty in 
obtaining readings at distances of 24 in. from the 
M plane, because of rapid cooling below the optical 
range. To a lesser extent there was the same difficulty 
with the side positions on the long face. 


Experimental Results 


The temperature data obtained for the ingots from 
positions 1 and 5 are shown, respectively, in Figs. 
10a and b. The extrapolation of the results to zero, 
or stripping time, is not very satisfactory, particularly 
in view of the scatter shown in the readings for the 
side positions. In Fig. 11 the results obtained by 
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| al 
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Fig. 7—-Surface temperatures on mould faces: (a) Plane 





TEMPERATURE, °C. 


Fig. 8—Radial representation of mould surface tem- 
peratures in position1. O = plane A, A = plane B, 
X = plane C 


extrapolation to zero, or stripping time, have been 
smoothed to form a series of parabolic curves. As 
these curves are based on extrapolation of experi- 
mental results, they are indicative only of the trend 
in temperature distribution on a single long face of 
the ingots on stripping. 

CONCLUSIONS 
Mould Temperature Measurements 


Difficulties in using fixed thermocouples have been 
found to be far less than were anticipated and, apart 
from the need for greater care in the setting and 
stripping of the test mould, there was no interference 
with normal practice. The circuit can be simplified, 
however, by the use of common leads starting at the 
terminal boards, and the technique can be improved 
by the use of automatic switching gear and a tempera- 
ture recorder. 

The first results obtained are of particular interest 
in showing considerable differences in the temperature, 
according to the position of the mould surface in the 
casting pit. In the two positions 
considered the temperature of a 
long face adjacent to another 
mould was considerably greater 
than that adjacent to the pit wall. 
During the first test the mould in 
position ] had passed its maxi- 
mum temperature and was cooling 
at the time of stripping, but in 
the second test the mould in 
position 5 was still heating up 
after the same time interval. 
Further work is warranted to 
ascertain whether similar or great- 
er differences will occur in other 
pit positions, and whether repro- 
ducible figures in any one position 
will be obtained with different 


Leeds Northrup 
optical pyrometer 





Fig. 9—Arrangement for measuring surface temperature of stripped ingot casts. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





JULY, 1950 








TEMPERATURE, °C. 


Fig 
it 


JU 





on 
\s 
‘i- 
id. 
of 





313 















































BRANCKER : INGOT HEAT CONSERVATION 
It is also considered that 10OO;-— - 
the temperature gradients in L t e Snap reading 
the mould can be directly % | [ api | } T ni 
measured by the same tech- a NS \ rr s|M ; T, M L 
nique, using thermocouples Ly ‘ 4 JL ee ey 
set at varying depths in the 900) | i ie. 
mould wall. [ L | [ 
No attempt has yet been L | ° 
made to calculate the inter- , Plane T L Plone M ES Plane L 
nal temperature distribution rw j Ss a ‘ 
of the ingots, nor to assess BOOK a e a [ “4 
the extent to which the eh 2 as L i | ae ie 
non-uniform surface tem- U L | © | ee 5 —, 
perature may cause solidifi- # L L a! et 
cation to proceed more from & L | L ° 
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cools very rapidly, and it [ x | r Sy 
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ly ; moreover, as the ingot Wars 6 : Sig | a a 
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difficult to locate. . ee 
After the ingot had been TIME FROM STRIPPING INGOT, min. 
placed on the bank the Fig. ” Time,/temperature curves for long face of ingot (pit side): (a) Position 


measurement of temperature 
at particular points was sim- 1, = 
plified, but it was restricted 
to a single face. 
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Fig. 11—Temperature distribution on long face of 
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Observations started at 
3 min. 


Summers and Sons, Ltd., Shotton, Chester, and 
grateful acknowledgment is made to the management 
and staff for their very valuable co-operation. 


References 


BRANCKER, J. STRINGER. and L. H. W. 
SAVAGE: Journal of The Iron and Steel Institute, 
1950, vol. 164, p. 67. 

2. \. V. BRANCKER and K. M. P. Perry: “ Surface 
Temperature Measurements.’ Paper No. PE/AB 
50/48, British Iron and Steel Research Association. 

Interim Report on Measurements of Surface Stresses 
in Moulds. Paper No. SM/BA/7/48, British [ron 
and Steel Research Association. 


be As SV 





International Scientific Film Association 

A Standing Committee for Technical and Industrial 
Films has been formed within the framework of the 
International Scientific Film Association. The President 
is Monsieur Yves Delacre, and the Secretary, Madame 
Mercier. 16 Rue de Monceau, Paris. 

In view of customs difficulties the Committee’s activi- 
ties are at present limited to the exchange of catalogues 
and general data. However, it is hoped to prepare an 
international catalogue of technical and industrial films, 
and information from interested bodies would be wel- 
comed by the Secretary. 
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Performance of Anti-Corrosive Compositions in 
Sea Water 


EFFECT OF SURFACE PREPARATION OF STEEL 


By J. C. Hudson, D.Sc., F.I.M. 


SYNOPSIS 


The paper presents and discusses the results of the Marine Corrosion Sub-Committee’s researches 
which show that different methods of surface preparation have a marked effect on the performance of anti- 
corrosive compositions in sea water. 

Paint gives poor protection against exposure to sea water if applied over millscale. Since, however, 
some paints fail to adhere to a completely descaled, freshly prepared, and unrusted steel surface, it is recom- 
mended that the descaled steel surface be allowed to rust slightly or be treated with phosphoric acid wash 
before the application of the priming coat of anti-corrosive composition. In the case of ships’ hulls, weathering 
the steel plates until they have shed their millscale completely should therefore yield good results. In practice 
it is difficult to ensure complete descaling of all the component plates of a ship’s bottom, and descaling of the 
plates by grit-blasting or by pickling, followed by a short weathering period or treatment with a surface 
wash is recommended. 

Rates of pitting up to 0-16 in./yr. have been observed at ‘ holidays ’ (bare areas in a paint film) on an 
immersed steel plate. The presence of intact millscale beneath the paint may also promote pitting, but if 
about 90% of this is removed by weathering, pitting will probably be no more severe than when the millscale 
is removed by pickling. The procedure of launching a ship with the bottom unpainted is not recommended 
because, owing to the slower removal of millscale, pitting may result ; it is also difficult to clean the surface 


before painting. 


With a few exceptions, the relative behaviour of a given set of bottom painting schemes is the same 
whether applied to new specimens of unpainted steel or to specimens which have previously been painted 
and exposed to an immersion test. This applies in the main to both the protective and anti-fouling properties 


of the painting schemes. 


Formulated anti-corrosion compositions developed by the Marine Corrosion Sub-Committee give good 
results as priming paints under a bottom painting scheme. A mixed red lead and white lead paint in linseed 
oil is less satisfactory, although much better than a red iron-oxide paint in linseed oil. 

Zinc or aluminium coatings on steel improve the performance of bottom painting schemes applied over 


them ; lead, however, promotes pitting. 


Results of a raft test and those of a patch-painting trial are in good agreement 


Introduction 

HE important effects of correct surface preparation 
on the performance of protective painting schemes 
applied to steel are now generally recognized but, 
whereas the essential conditions for success in the case 
of protection against atmospheric exposure are well 
understood,! certain features still need elucidation 
where the steel is used for underwater service, as in 
the bottom plating of ships’ hulls. Concurrently with 
its studies of the formulation of anti-corrosive 
compositions, the Marine Corrosion Sub-Committee 
has, therefore, paid some attention to this aspect of 
the matter and has conducted several series of tests in 
which surface preparation for painting has been, if 

not the main, at least a subsidiary variable. 

The object of this paper is to present a brief account 
of the results of the Marine Corrosion Sub-Committee’s 
investigations in this field, although much still 
remains obscure. The experiments concerned spread 
over a number of years, during which advances in 
experimental technique have been made. Con- 


sequently, to keep the text within bounds, emphasis ~ 


is placed on the results rather than on the experi- 
mental methods, and no attempt is made to describe 
in detail earlier methods of assessing breakdown of 
the protective film, which have since been superseded. 
Moreover, it is evident, on reviewing this work after 
an interval of several years, that there are serious 


gaps in the experimental programmes. In part, these 
were an inevitable consequence of the necessity of 
fitting the number of test specimens involved into the 
available testing accommodation (exposure rafts, 
etc.), coupled with the desirability of giving priority 
to other experimental work during the war years. 

Particulars of the test series considered in the 
present paper are given in Table I, but for clarity the 
results are considered under subject headings rather 
than in chronological order. 


EXPERIMENTAL METHODS 

The main features of the experimental methods are 
given below ; slight deviations from these occurred 
in individual test series. 

Specimens—Mild-steel plate of ship-plate quality 
15 x 10 in. was used. The thickness varied from 
4 to 3 in., according to the test series. 

Surface Preparation—This is the main experimental 
variable and appropriate details are given for each 
test series. 

Paper MG/BA/42/49 of the Protective Coatings Sub- 
Committee of the Metallurgy (General) Division of the 
British Iron and Steel Research Association, received 
3ist January, 1950. The views expressed are the 
author’s and are not necessarily endorsed by the Sub- 
Committee as a body. 

Dr. Hudson is Head of the British Iron and Steel 
Research Association’s Corrosion Laboratory, Birming- 
ham. 
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Table I 
SUMMARY OF RAFT TESTS 
Test 
Test Date Exposure Duration, Reference to Earlier 
Series Commenced Station weeks Nature of Tests Publications 
I March 1940 Plymouth 29 Proprietary compositions Reference 6 
II May 1941 Caernarvon 26 Proprietary compositions - 
III July 1941 Caernarvon 101 Paints over metallic coatings Reference 5, p. 399P 
IV January 1942 Caernarvon 69 Effect of surface condition ee p. 379P 
VII September 1942 Caernarvon 47 Formulated anti-corrosive paints Reference 4 
Effect of surface condition 
XA September 1943 Caernarvon 49 Effect of weathering in sea water 
Effect of different priming paints 
XB November 1943 Caernarvon 40 Effect of weathering in sea water 
XI September 1943 Caernarvon 40 Formulated anti-corrosive paints Reference 7 
XII May 1944* Emsworth 104 Repainting tests Reference 5, p. 396P 
Millport 


* Date of exposure at Millport. 


Painting Schemes—The painting schemes used for 
the tests consisted either of proprietary ships’ bottom 
compositions or of compositions formulated by the 
Marine Corrosion Sub-Committee. With a few excep- 
tions, each scheme comprised two coats of anti- 
corrosive composition and a final coat of anti-fouling 
composition. 

Paint Application—Ali the paints were applied in 
good conditions, under cover. A drying time of at 
least 24 hours was allowed between coats. The 
interval between the application of the anti-fouling 
coat and immersion was standardized as closely as 
possible and was generally from 4 to 6 hr. 

The weight of each coat applied to each specimen 
was recorded ; in the most recent test series the 
average thickness of the paint film was also calculated. 

Methods of Testing—The majority of the tests 
described in this paper were of the complete immersion 
type, the specimens being suspended vertically in sea 
water from rafts at a depth of about 2-3 ft. The main 
exposure station was at Caernarvon, where the raft 
is moored in the Menai Strait. 

Inspection—Inspection of the specimens was usually 
made at intervals of about six weeks, when the exposure 
frames were lifted out of the water and the condition 
of each specimen was assessed in a standard manner 
with respect to (a) fouling and (6) breakdown of the 
protective painting scheme. Under the latter heading, 
estimates were made of the percentage areas over 
which the paint film had blistered, or flaked off, or 
over which the steel had rusted ; qualitative returns 
of the degree of chalking and of cracking were also 
recorded. Separate figures were taken for the front 
and back surfaces but a band about | in. wide round 
the edges of the specimens was ignored because 
preferential breakdown frequently occurs at the edges 
of the specimens and it is difficult to allow for this. 
The procedure of applying an extra coat of composi- 
tion at and near the edges was tried in the earlier 
tests, but did not prove entirely satisfactory. 

Final Examination—The exposed specimens were 
subjected to a final examination in the laboratory, 
after they had been thoroughly cleaned with bristle 
brushes and running water. The main variables 
determined were the percentage of intact paint 
remaining after exposure and the percentage of 
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The specimens had previously been immersed at Emsworth. 


The test duration is approximate 


rusting ; increased accuracy was achieved in these 

measurements by using a superposed grid, to divide 

the surface into six areas; separate estimates were 
made for each area. 

The loss in weight of each specimen in the painted 
condition was also determined and, in some cases, to 
measure the loss in weight of the steel plate itself 
the paint was stripped from the specimen. 

Evaluation of the Results—The evaluation of the 
results is complicated by the fact that changes in 
several properties are involved, no single one of which 
will suffice to determine the merit of a given protective 
painting process. For example, if several specimens 
are graded on the basis of the percentage of intact 
paint left after exposure, the order of merit may not 
be the same as that deduced from the degree to which 
they have rusted. To meet this difficulty, a system 
of assessment has gradually been evolved,? which 
takes into consideration all the observations made 
either at the field inspections or in the final laboratory 
examination. 

dstimates of the time to failure, the 
observation of a stated degree of rusting at a field 
inspection, have also proved useful as a method of 
comparison. 

COMPARATIVE BEHAVIOUR OF PROTECTIVE 
PAINTING SCHEMES APPLIED TO MILL- 
SCALED AND DESCALED SURFACES 

Effect of Millscale 

The practice of applying protective compositions to 
a steel surface carrving millscale is unsound for three 


based on 


reasons, namely : 

(1) No millscale is perfectly adherent. Under service 
conditions there will be a tendency for any millscale 
left beneath the paint to flake off and carry away 
the paint film with it. 

(2) Millseale is cathodic to steel, with the result that 
local electrolytic cells are formed between the mill- 
scale and the bare steel when the plate or section is 
immersed in sea water. Although the presence of the 
paint film offers some resistance to the flow of the 
electric current, few, if any, of the painting schemes 
used for underwater protection will prevent this flow 
entirely. Serious pitting may occur at areas devoid 
of millseale, if they form a small proportion of the 
whole surface. 
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Table II 
PITTING OF PAINTED SHIP-PLATE IMMERSED IN SEA WATER 
Specimens with Millscale Pickled Specimens 
Test Duration, 
weeks Number of Surfaces Depth of Deepest Pits, Number of Surfaces | Depth of Deepest Pits, 
Pitted mils Pitted | mils 
| | 
| Maximum | Average* | Maximum Average* 
| 
25 | 9 out of 24 34 | 27 3 out of 24 | 52 38 
} 
69 5 out of 10 60 | 46 4 out of 10 65 45 























* Pits below 10 mils in depth have been disregarded 


(3) The presence of millscale on the steel places an 
increased strain on the protective properties of the 
paint film itself, because, as a result of the electro- 
chemical reaction described in (2), the surface becomes 
divided into cathodic and anodic areas at which the 
conditions of the solution in immediate contact with 
the steel and paint are highly alkaline (about pH 11) 
and highly acid (about pH 4), respectively.* Similar 
reactions occur in the absence of millscale but the 
effect of millscale is to aggravate them considerably. 
It follows that a successful anti-corrosive composition 
must combine good alkali-resisting and good acid- 
resisting properties. 

These tendencies are eliminated or minimized when 
the surface preparation of the steel for painting 
includes a process, such as pickling or grit-blasting, 
which results in the complete removal of the millscale. 


Pitting of Steel at a Bare Area in a Paint Film 


It would be incorrect to conclude that in service a 
steel plate carrying millscale beneath the paint film 
will necessarily suffer more pitting than one that has 
been descaled before painting when both are immersed 
in sea water, because other causes of pitting come into 
play. One of the most important of these is the effect 
of bare areas in the paint film, due either to imperfect 
application of the paint or to subsequent mechanical 
damage. Such bare areas (‘ holidays’) are generally 
anodic to the areas over which the paint film is intact 
and suffer pitting ; the severity of the attack seems 
to be affected by the impermeability of the painting 
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Fig. 1—Percentage of total number of specimens pitted, 
to the depth shown, at ‘ holidays ’ (bare areas) on 
painted }-in. steel plates immersed in sea water 
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scheme and the inhibitive properties of the anti- 
corrosive composition. 

This effect is illustrated in Fig. 1. The results relate 
to the depth of penetration at ‘ holidays,’ } in. square, 
that were deliberately left in some 3-coat painting 
schemes immersed at Plymouth for 29 weeks or at 
Caernarvon for 26 weeks. There were about 36 dif- 
ferent painting schemes in each test and in all cases 
the specimens were pickled before they were painted. 

The maximum rate of pitting observed at one of 
these ‘ holidays ’ was as much as 80 mils (0-080 in.) 
in 6 months and it is evident from Fig. 1 that pitting 
of this magnitude is a serious matter. The degree of 
pitting varied considerably from one painting scheme 
to another, indicating that the chemical and physical 
properties of the paint film itself have a marked 
influence on the severity of local attack at ‘ holidays.’ 

If the compositions have been applied efficiently 
to the steel surface, ‘ holidays ’ can only be produced 
by mechanical damage or by local flaking of the 
complete paint film. Liability to mechanical damage 
is clearly independent of the surface preparation of 
the steel. The differences observed between the 
intensities of pitting of steel painted over the millscale 
and after removal of the millscale respectively, are, 
therefore, not so pronounced as would be expected. 
Since the rate of pitting at ‘holidays’ is generally 
greater than that due to the presence of millscale, 
should mechanical damage occur to the paint film 
there may be little to choose between the maximum 
depths of pitting on the two types of surface. The 
tendency to pit will, however, always be greater on 
the surface carrying millscale. 


Test Series IV: Caernarvon 

Test Series IV dealt mainly with the effects of 
different surface preparations of ship-plate for paint- 
ing. Most of the results are considered later (p. 326), 
but it is appropriate to record here (Table ITI) the 
figures observed for the pitting of the two main 
classes of specimen, namely, those from which the 
millscale had or had not been entirely removed before 
painting. The depths of the pits were determined 
with a spherometer after stripping off the paint films 
at the end of the exposure period, which varied for 
different specimens. 

There is no evidence that the pitting was more 
pronounced on the specimens with millscale than on 
the pickled specimens ; generally, in fact, the reverse 
seemed to be the case. But the millscale was not 
intact on the majority of the specimens of the first 
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group, since many of them had been exposed to the 
weather before painting; this would reduce the 
tendency to pit, owing to the greater area of bare 
steel exposed. 

Test Series VII: Caernarvon 

The results of Test Series VII, already reported,* 
lead to similar conclusions regarding the relative 
pitting of weathered and of pickled steel plates. 
A detailed study of the final laboratory records, made 
after 36 weeks’ immersion, shows that pits 10 mils 
or more in depth were found on 33 of the 340 surfaces 
tested. In one case pitting was attributed to mechani- 
cal damage ; of the remaining 32 surfaces, 28 had been 
pickled and only 4 had been prepared for painting by 
weathering specimens carrying millscale, followed by 
hand-cleaning. The maximum depth of pitting 
recorded was 64 mils. 

This result should not be interpreted as meaning 
that descaled specimens are more liable to pit than 
specimens carrying millscale, because in this case the 
specimens of the latter type had, on the average, 
shed 92% of their millscale by the time that the 
weathering and hand-cleaning processes were com- 
pleted. Its correct significance is that the practical 
method of preparing ship-plate for painting by 
exposure to the weather in the yard and on the stocks 
should, if satisfactorily carried out, produce a surface 
free from any abnormal tendency to pit in sea water. 

In these tests complete details of the formulation 
of the painting schemes were known. Pitting was 
found to be more prevalent and more pronounced 
when the pigment of the anti-corrosive composition 
contained red lead. The three highest figures observed 
for the depth of pitting, namely 64, 60, and 52 mils, 
all occurred on specimens coated with compositions 
containing red lead. Moreover, 9 of 92 surfaces coated 
with paints of this type had pitted to a depth of 
20 mils or more, as compared with 11 of 288 surfaces 
coated with paints containing no red lead. 
EFFECT OF EXPOSING A PICKLED SURFACE TO 

THE WEATHER BEFORE PAINTING 

The effect of exposing a pickled steel surface to the 

weather before painting was studied at Caernarvon as 


part of Test Series IV. Details of the preparation of 


the specimens and their early behaviour after exposure 
are given in a previous report.5 Reference is confined 
here to the two major painting schemes used in these 
experiments ; the remainder do not afford a sufficiently 
wide basis of comparison. Mild-steel specimens cut 
from }-in. thick ship-plate were used. After expos- 
ure to the weather for different periods, varying 
from 0 to 105 days, batches of these were pickled 
by the standard Admiralty procedure, using cold 5% 
(by volume) hydrochloric acid. Some of the specimens 
were exposed to the weather after pickling for 


different periods, up to 105 days. All rusted specimens 


were wire-brushed in a standard manner before being 
painted. 

The results are most conveniently expressed in 
terms of the duration of exposure needed to bring 
about breakdown of the protective coating to an 
arbitrary grade used at the time (corresponding to 
the development of 6% of rust or its equivalent on 
each surface), and are given in Table III. The figures 
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are mean values for duplicate specimens and results 
for as-rolled specimens weathered for 105 days before 
painting have been included as standards of reference. 

Results are given for two different painting schemes 
and there is a marked difference in their behaviour. 
Scheme A, the less efficient of the two, although of a 
good commercial standard, gave the least favourable 
results of all when applied to a pickled surface entirely 
free from rust. Exposure to the weather after pickling 
and before painting improved the performance of this 
painting scheme considerably. In all cases better 
results were obtained on pickled and weathered 
surfaces than on the as-rolled and weathered surface. 
On the other hand, painting scheme C, which is of 
exceptionally high quality, vielded the best results 
when applied to the pickled and non-rusted surface. 
Moreover, there is unmistakable evidence of pro- 
gressive deterioration in the performance of this 
painting scheme as the pickled surtace is allowed to 
rust to a greater degree by prolonging its exposure 
to the weather. 

No explanation of the marked difference in the 
behaviour of these two painting schemes can yet be 
advanced. Other cases of unsatisfactory behaviour, 
where paints have been applied to freshly descaled 
and rust-free surfaces, have been observed during this 
experimental work and are discussed later in the 
section on the effect of surface washes (p. 325). In 
general these phenomena may be ascribed to varia- 
tions in the physical and chemical properties of the 
paint film in relation to the surface properties of the 
steel. They show, however, that in the case of marine 
exposure the problem of surface preparation in 
relation to paint performance is not a simple one. 


WEATHERING IN AIR AND IN SEA WATER 

The question is frequently asked whether it is 
better to paint the bottom of a new ship on the stocks 
or to launch it with the bottom unpainted, thus 
permitting further weathering of the millscale to take 
place in the water during the fitting-out period. This 
became a matter of considerable practical importance 
during the war years, in view of the heavy demand on 
dry-docking space, and at the request of the Director 
of Merchant Shipbuilding, several series of tests were 
undertaken. These investigations, briefly described 
below, included two series of raft tests, a series of 
laboratory tests, and a full-scale service trial on a 
new vessel, 8.8. Empire Law. 


Table III 
EFFECT OF EXPOSING PICKLED SHIP-PLATE TO 











THE WEATHER BEFORE PAINTING 
Duration of Exposure to the Life of Painting Scheme, 
Weather, days Weeks 
Before Pickling After Pickling Scheme A Scheme C 
Nil Nil 16 >69 
91 14 24 50 
70 35 21 45 
35 70 21 22 
Nil | 105 25 18 
As-rolled surface, 
weathered for 105 days 19 23 
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Raft Tests at Caernarvon: Series XA 


Preliminary Treatment—In this series of tests, which 
will be described in greater detail in the section on 
different types of priming paint (p. 328), 40 specimens 
of freshly rolled ship-plate were prepared for painting 
as follows : 

(1) 20 specimens were weathered in air for 24 days 
at Birmingham and then for 19 days at Caernarvon, 
making 43 days in all 

(2) 20 specimens were weathered in air for 10 days 
at Birmingham, and were then immersed in the sea 
at Caernarvon for 33 days. 


In both cases weathering took place during the 
months of August and September 1943. Shortly 
before the application of the priming coat of paint, 
the specimens that had been weathered in air were 
cleaned by hand, using wire brushes. Those that had 
been immersed in the sea were scraped, wire-brushed, 
washed in fresh water (1 gal./specimen), and allowed 
to dry. In all cases the surfaces were carefully 
examined before painting, and in addition the three 
deepest pits on each surface were measured on 
specimens which had been immersed in sea water. 

The results of this preliminary treatment showed 
that the specimens weathered in air had shed, on 
the average, 4-9, of their millscale (limits for any 
one surface 2-20°/,) and had suffered an average loss 
in weight of 10 g./specimen or 0-16 oz./sq. ft. (limits 
7-15 g.); the original weight of millscale on the 
specimens would be about 30-60 g. The average 
figures for specimens immersed in the sea were: 
descaling, 2-4°%, (limits 1-5°%); loss in weight, 
49 g./specimen (limits 42-61 g.). Thus, the specimens 
weathered in air had suffered more descaling than 
those immersed in sea water, although the degree of 
descaling was small in both cases, largely because, in 
view of the urgency of the research, the weathering 
periods were curtailed as much as permissible. The 
effects of longer periods of weathering and immersion 
were studied in Test Series XB. 

The immersed specimens had fouled appreciably 
with hydroids and weed. After cleaning, the bulk of 
the millscale was found to be intact but the surface 
was pitted at breaks in the millscale. Appreciable 
attack had occurred at these places. This is shown 
both by the high value of the average loss in weight 
in relation to the percentage of millscale shed (see 
above) and by the measurements of the pit depths. 
The average depth of the deepest pits on these 
specimens was 16-5 mils (maximum value for any 
pit, 28 mils), as compared with 2-0 mils for the 
specimens weathered in air, where such pits as were 
observed probably originated as surface imperfections. 


Table IV 


EFFECT OF WEATHERING IN AIR AND OF IMMER- 
SION IN SEA WATER ON PERFORMANCE OF 
PAINTING SCHEMES 


Aggregate Order of Merit 
(5 specimens) 


Painting Scheme Air Sea 
A 125-5 111-5 
B 117 118-5 
Cc 85-5 59 
D 91.5 111-5 
Total 419.5 400-5 
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It may be noted that the rate of pitting in sea water 
over this short period of 33 days is equivalent to 
180 mils/yr. 

Painting and Exposure—The two sets of 20 speci- 
mens were paired and both specimens of each pair, 
i.e., one specimen that had been weathered in air 
and one that had been immersed in the sea, were 
painted in exactly the same way, using four different 
painting schemes. Other differences in painting 
procedure, described on p. 328, need not be considered 
here, as they do not affect the aspect of the experiment 
under discussion. The specimens were immersed at 
Caernarvon for 49 weeks, from September 1943 to 
August 1944; 12 specimens were lost from the raft 
during exposure. . 

To compare the two methods of surface preparation 
the specimens were arranged in order of merit, from 
1 to 40 and the orders of merit for each group of 5 
specimens in the same surface condition and coated 
with the same painting scheme were totalled. The 
result is given in Table IV. 

It is clear that in these tests there is no evidence 
of a beneficial or of a detrimental effect of immersion 
in sea water, as compared with weathering in the air 
prior to painting, on the performance of bottom 
painting schemes. 


Laboratory Tests 

A series of laboratory tests was also made, in which 
two of the painting schemes used for the raft tests 
described in the previous section were applied to small 
specimens (3 in. x 1 in.) prepared by weathering steel 
strip either in air or by immersion in artificial sea 
water. Details of these tests are given on p. 329. 
The results showed that, generally, preparation of the 
surface by immersion in sea water gave slightly worse 
results than preparation by weathering in air, but the 
difference observed was not appreciably greater than 
the significance of the results. 


Raft Tests at Caernarvon: Series XB 

Experimental Details—As it seemed probable that 
the effect of immersing ship-plate in sea water 
before painting with bottom compositions would 
be influenced by the type of millscale present on the 
plate and its state of repair at the time of immersion, 
another series of tests was made on specimens from 
each of five plates carrying contrasting types of mill- 
scale. These specimens had already been exposed to 
weathering in the open air at Birmingham. There 
were six specimens of each plate, ¢.e., 30 specimens in 
all. Of these, ten specimens, 7.e., two specimens from 
each plate, had been weathered for 33 days, another 
ten for 66 days, and the remaining ten for 139 days. 
At the conclusion of the exposure periods each set of 
specimens was stored under cover. 

When required for the present tests, the specimens 


* were divided into two groups of 15, taking one speci- 


men from each of the 15 pairs representing combina- 
tions of five types of millscale with three weathering 
periods for each group. One group was exposed to a 
marine atmosphere at Caernarvon for 26 days in 
October and November 1943; the other group was 
immersed in the sea from the raft for 88 days from 
August to November 1943. 
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In November 1943, all the specimens were painted 
under cover with the same 3-coat bottom painting 
scheme, consisting of a priming coat of anui-corrosive 
composition No. 173, followed by one coat of a 
proprietary anti-corrosive composition, and a finishing 
coat of the corresponding anti-fouling composition. 
The specimens were wire-brushed before being 
painted ; those that had been in the sea were also 
cleaned with fresh water and dried off thoroughly. 

The painted specimens were immersed from the 
Caernarvon raft for 40 weeks from November 1943 
to August 1944. 

Effects of the Preliminary Weathering—The effects 
of the two methods of surface preparation, 7.e., 
weathering in air or immersion in the sea, are com- 
pared in Table V, where figures are given for the 
percentage descaling, the loss in weight, and the 
pitting of the specimens. 

The figures for ‘ initial ’ descaling were obtained at 
the conclusion of the first periods of weathering in air 
at Birmingham but before exposure or immersion at 
Caernarvon, and the ‘final’ values were recorded 
after exposure or immersion at Caernarvon, immed- 
iately before painting. The two sets of results agree 
reasonably well in the case of the specimens weathered 
in air, but there is a marked discrepancy between 
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them for the specimens immersed in the sea, where 
the average final value is less than the average initial 
value. This is because both assessments were made 
independently and because it is a difficult matter to 
judge with accuracy the degree of descaling of a steel 
surface that has become fouled and rusted appreciably 
as a result of immersion in the sea for 3 months. If, 
however, the two sets of figures are studied in detail, 
it will be found that they are relatively concordant, 
i.e., the order of descaling of the different specimens 
is essentially the same.* 

In 14 cases out of 15 the final descaling of the plate 
was greater for the specimen weathered in air than 
for the specimen immersed in the sea. There is no 
evidence, therefore, that immersion in sea water 
produces more rapid removal of the millscale than 
the usual method of weathering in the open air; 
generally the contrary is the case. 

The losses in weight of the specimens immersed in 
the sea were considerably greater than those of the 
specimens weathered in air. The average difference 
was 64 g./specimen, which is equivalent to approxi- 





* The value of the correlation coefficient (Spearman) 
is 0-742, which is highly significant for two series of 
15 individuals. 






































Table V 
EFFECTS OF WEATHERING IN AIR AND OF IMMERSION IN THE SEA ON SHIP-PLATE 
Airt+ Seat 
Plate “ Initial 
T of o . ° 
=— Millecale oe Descaling, %§ teenie Descaling, %§ eae te a 
Weight, Weight, miley 
Initial Final &- Initial Finat &. 

i Blue A 23 7 8 20 6 90 13 
B 25 35 22 21 11 96 18 

Cc 65 68 35 75 35 95 11 

4 Blue A 15 13 12 18 ‘s 95 16 
B 30 43 22 33 39 91 14 

Cc 68 83 34 60 50 82 13 

} Red A 10 13 20 13 9 68 13 
B 23 15 12 20 10 77 12 

Cc 50 60 28 58 45 83 12 

4 Blue A 20 15 8 18 5 102 17 
B 44 63 13 28 42 74 11 

Cc 55 81 23 at 36 71 7 

i Red A 3 8 5 4 10 70 18 
B 16 25 13 18 14 67 10 

C 50 83 32 70 55 79 8 

A 14 11 11 15 7 85 15 

Average (5 plates) B 28 36 16 24 23 81 13 
Cc 58 75 30 68 44 82 10 



































* In air at Birmingham for (A) 33 days, (B) 66 days, and (C) 139 days 


+ Weathered in air at Caernarvon for 26 days 


t Immersed in the sea at Caernarvon for 88 days 

§ Mean value for the front. and back of the specimen 

q Average value for the two deepest pits on the front and the two deepest pits on the back 
. 
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mately 1-0 g./sq. ft. or to the removal of 1-6 mils 
of steel over the whole surface. 

Appreciable pitting occurred on the specimens 
immersed in sea water, because of the concentration 
of the attack at the breaks in the millscale. The 
overall average value for the deepest pit was 13 mils, 
the maximum for any one of the pits measured was 
23 mils. No pitting was observed on the specimens 
weathered in air. The rate of pitting of the specimens 
in sea water over the immersion period of 88 days 
was thus of the order of 50-100 mils/yr. 

Table V shows that the intensity of pitting decreased 
as the degree of descaling at the time of immersion 
increased. This is demonstrated by the fact that the 
correlation coefficient between the orders of initial 
descaling and of pitting of individual specimens 
is 0-599. The significance level of this coefficient for 
15 individuals is about 2°, #.e., it is a 50 to 1 chance 
against the correlation being accidental. 

Effect of Surface Preparation on the Behaviour of the 
Protective Painting Scheme—The 30 specimens were 
arranged in order of merit of the performance of the 
painting scheme applied to them as determined by 
an analysis of the observations made throughout 
and at the conclusion of the test. The results are 
summarized in Table VI, where the orders of merit of 
the three specimens in each sub-group have been 
added together, i.e., no distinction has been made 
between the three different periods of preliminary 
weathering at Birmingham. For example the 3 speci- 
mens of 3-in. plate weathered in air for different 
periods were 29th, 22nd, and 8th in the order of 
merit of all 30 specimens. The aggregate of these 
three figures, 59, is shown in the Table. 

Although there are certain deviations between 
corresponding values in Table VI—in particular, the 
specimens immersed in the sea rank lower in the 
aggregate than those weathered in air—it is doubtful 
whether these are significant. Immersion of the steel 
plate in sea water prior to painting had no drastic 
effect on the behaviour of the protective scheme, 
because all the specimens were in fairly good condition 
when the test was concluded after 40 weeks’ immer- 
sion. This may be seen from Table VII, which gives 
the overall average observations for each group of 
15 specimens at the final laboratory inspection. For 
comparison similar figures for two specimens painted 
with two coats of anti-corrosive composition No. 173 
and a final coat of formulated anti-fouling composition 
are included. 

It seems reasonable to conclude from these raft 


Table VI 


PERFORMANCE OF A PAINTING SCHEME ON 
SHIP-PLATE PREPARED FOR PAINTING BY 
WEATHERING IN THE AIR AND BY IMMER- 
SION IN THE SEA 


Plate Aggregate Order of Merit 
Thickness, Type of (3 specimens) 

in. Miliscale Sea 

% Blue 59 56 

} Blue 23 654 

} Red 31 44} 

} Blue 38 57 

} Red 52 39 
Total 203 262 
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tests that the removal of millscale from ship-plate 
by surface immersion in sea water offers no advantage 
as a method of surface preparation for painting and 
may, on the whole, prove slightly deleterious. 


Service Trials: S.S. Empire Law 


In November 1943, at the request of the Director 
of Merchant Shipbuilding, 8.8. Empire Law built by 
the Furness Shipbuilding Company, Ltd., for the 
Anglo-Saxon Petroleum Co., Ltd., was launched at 
Middlesbrough without any paint on her bottom. 

Experimental Observations—The bottom plates of 
the Empire Law were inspected shortly before 
launching and estimates of the percentage descaling 
were made for several hundred frame spaces, spread 
over different strakes. The average figures thus 
obtained for the port and starboard sides were 80 
and 77%, respectively. This shows that most of the 
millscale had been removed by the time of launching, 
although isolated frame spaces carrying appreciable 
areas of intact millscale were observed here and there. 

A period of 125 days elapsed between the launching 
and the dry-docking after fitting out at the end of 
March, 1944. When the vessel was docked, there 
was no fouling of the bottom but the plates were 
found to be covered with a heavy deposit of yellowish- 
brown rust, forming scale-like layers up to } in. thick 
(see Fig. 2). This rust was not firmly adherent and 
could easily be removed by scrapers, but this was a 
lengthy operation compared with the cleaning down 
of a painted bottom. Moreover, using the ordinary 
long-handled tools under the operating conditions in 
dry-dock, it was impossible to ensure complete re- 
moval of the rust from the seams and rivet points, 
and consequently heavy rust deposits were trapped 
beneath the priming paint. 

The method of cleaning consisted in scraping the 
surface and scrubbing with wire brooms dipped in the 
dock water. As soon as the necessary volume of water 
had been pumped from the dock, work was com- 
menced by two gangs of four men each, one on either 
side. These men worked from one end of the ship 
to the other and cleaned down to about 5 ft. above 
the turn of the bilges ; the rate of progress was slow. 
Early on the following morning, the cleaning was 
completed from the dock bottom, using scrapers and 
wire brooms. The plates were not hosed down with 
water before painting, because it was necessary to 
apply the priming coat of paint the same morning. 

The labour spent on cleaning the unpainted part 
of the bottom was 140 man-hours gross, including the 
charge hand. The area of the plating concerned was 
30,000 sq. ft. It is estimated that to make a first-class 


Table VII 
TEST SERIES XB (CAERNARVON RAFT TESTS) : 


AVERAGE CONDITION OF THE SPECIMENS. 


AFTER 40 WEEKS’ IMMERSION 


Intact Loss in 
Surface Preparation before Paint, Rust, Weight, 
Painting % % &- 
Weathered in air 83 6-6 6 
Immersed in the sea 79 7-2 8 
Specimens coated with a/c 
No. 173* 95 1-2 8 


* Mean values for two specimens, one prepared for painting by 
= in air, and the other by pickling, followed by weathering 
n air 
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Fig. 2—Condition of unpainted bottom plates of S.S. Empire Law, four months after launching 


job of the cleaning from 200 to 250 man-hours would 
have been needed. This would have involved increas- 
ing the number of men available for working on the 
ship or keeping her in dock for an additional tide. 
Both possibilities were precluded by the wartime 
conditions. In any case, the whole purpose of the 
test would have been vitiated had any such special 
measures been taken, as its main object was to ascer- 
tain whether the practice of launching ships with their 
bottoms unpainted could help to relieve the severe 
strains upon man-power and dry-docking accommo- 
dation. 

After the removal of the rust the bottom plates 
were found to be in good condition. By far the greater 
proportion of the area was free from measurable 
pitting and such pits as were found, generally in 
areas where millscale had remained on the plate or 
where the surface had been scored by mechanical 
damage, did not exceed 50 mils in depth. The rivet 
points were remarkably free from serious corrosion. 
Random counts of several batches of 100 showed that 
only 2° of them were corroded to any extent. 

Conclusions—The main conclusion drawn from the 
inspection in dry-dock in March 1944 was that under 
the prevailing circumstances it was not desirable to 
adopt the procedure of launching ships with their 
bottoms unpainted. This conclusion was confirmed 
by the behaviour of the initial painting schemes ; two 
different 3-coat schemes being applied to alternate 
quarters of the bottom. 
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The next dry-docking of the ship took place at 
New York in January 1945, when there was no paint 
left on the bottom. Thus the whole of the three coats 
of paint had been lost in eight months’ service. This 
extremely bad result may be attributed to the poor 
surface condition of the plates when the compositions 
were applied to them in England in March 1944. 

It is possible, of course, that, if sufficient man- 
power and time had been available to clean the plates 
perfectly, no untoward result would have accrued 
from omitting to paint them before launching. It 
seems reasonable to conclude, however, that this 
procedure would, at best, offer no tangible advantage, 
as compared with the more usual practice of painting 
on the stocks, and that, in general, it would involve 
more labour and greater expense. 


TESTS ON NEW AND ON OLD (PAINTED) STEEL 

The bulk of ships’ compositions are used for the 
maintenance of ships in service rather than for the 
initial painting of new vessels on the stocks, and 
the performance of painting schemes might be ex- 
pected to differ according to whether they are applied 
to new steel or to steel that has previously been 
painted. Some evidence on this point is available from 
Test Series II and XII. 


Test Series II: Caernarvon, May 1941 
Experimental Details—Test Series If was mainly 
concerned with 40 proprietary 3-coat painting schemes, 
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each of which was tested on two specimens. The first 
of these had a clean metallic surface, obtained by 
pickling, whereas the second had previously been used 
for a raft test at Portsmouth, lasting 29 weeks, on the 
same 3-coat painting scheme. The specimens were 
painted and exposed at Caernarvon in May 1941, and 
were immersed there for 26 weeks. The exposure of 
the 8 best specimens was prolonged to 62 weeks. 

Results—The main features of the results have 
already been reported.® As was expected, the average 
life to failure of the painting schemes proved con- 
siderably greater when they had been applied to the 
specimens carrying old paint than when applied to 
those of pickled steel ; the figures were 16-2 and 10-7 
weeks. The relative orders of merit of the various 
painting schemes when applied to bare steel or over 
old paint, respectively, both as regards protection 
against corrosion and the prevention of fouling were 
determined from the experimental data. 

The protective properties of the painting schemes 
were best assessed by the percentage of intact paint 
remaining at the final laboratory inspection. After 
eliminating certain painting schemes, which for some 
legitimate reason were not strictly comparable with 
the majority, 24 pairs of specimens remained. Each 
series of 24 ‘repainted ’ or ‘ pickled’ specimens was 
then arranged in order of merit according to the 
percentage of intact paint. The correlation coefficient 
(Spearman) of these two orders was calculated and 
found to be 0-732. There is thus a highly significant 
correlation between the results of the tests on freshly 
pickled steel and on the surfaces carrying old paint. 

The method of comparison adopted in the case of 
the anti-fouling properties of the painting schemes 
was to arrange each series of specimens in order of 
merit according to the aggregate of all the fouling 
gradings returned for each specimen at all the inspec- 
tions throughout the exposure period from 0-26 
weeks.* The correlation coefficient of the two orders 
thus obtained for 30 comparable pairs of specimens 
was 0-708. This figure is also highly significant and 
shows that, considering the painting schemes as a 
whole, there was no marked difference in anti-fouling 
efficiency whether the test was made on pickled steel 
or over old paint, although, of course, appreciable 
divergencies were observed in some individual cases. 


Test Series XII: Emsworth and Millport 


Experimental Details—This series of tests was 
deliberately designed to compare the efficiencies of 
bottom painting schemes, more particularly in regard 
to the prevention of fouling, when applied over a thick 
film of old paint and to an unpainted steel surface, 
respectively. To this end, specimens were prepared 
by coating them initially with (a) two coats of anti- 
corrosive and one of anti-fouling composition, and 
(6) six coats of anti-corrosive and one of anti-fouling 
composition. In case (a), the specimens were removed 
after two months’ immersion in the sea, cleaned, 
allowed to dry, and repainted in the same manner ; 
this process was repeated once, 1.e., two repaintings 





* Strictly, it is incorrect to add the gradings together, 
but the method may reasonably be used to provide a 
relative order of merit. 
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were given, so that these specimens received nine 
coats of paint in all. 

This first stage of the work was conducted at 
the Admiralty Metallurgical Laboratory, Emsworth, 
under the direction of Dr. Slater. The painting 
schemes studied included 24 proprietary schemes 
which, in the case of repainted specimens, were applied 
like over like. Immersion of the specimens took place 
in February 1943, and the two repaintings of speci- 
mens (a) in April and June 1943, respectively. After 
this, the specimens remained exposed until February 
1944, when they were removed, cleaned with bristle 
brushes, dried, and, after a final inspection, dispatched 
to Millport together with an equal number of new 
pickled specimens. 

The test was continued at Millport by Dr. (now 
Professor) Harris and later by Mr. Pyefinch. Each 
of the 24 proprietary painting schemes was applied 
to four specimens, namely, the two old painted 
specimens reference (a) and (b) previously coated with 
the same scheme and immersed at Emsworth, and 
two new specimens that had been descaled by pickling, 
exposed to the weather for 30 days, and wire-brushed. 
Each painting scheme consisted of two anti-corrosive 
coats and one anti-fouling coat. The specimens were 
immersed at Millport in May 1944, and were kept 
under observation until May or June 1945, when the 
test was concluded, after a total period of exposure of 
about two years. 


Results at Emsworth—The main object of the tests, 
namely, to determine how far the relative efficiencies 
of the painting schemes varied as an increasing thick- 
ness of paint was built up beneath them, was not 
achieved in the earlier phase at Emsworth. The main 
reason was that six weeks’ immersion from the date 
of painting (the interval after which inspections were 
made in the case of the repainted specimens (a)) is 
insufficient to bring out any but major differences 
between different painting schemes; this period of 
exposure is too short to produce sufficient deteriora- 
tion in the condition of the painting schemes to permit 
of their being arranged with accuracy in an order of 
merit. Coupled with this is the fact that in regard 
to fouling the conditions of exposure at Emsworth 
were not severe. 

Considered in relation to each other, the results of 
the inspections made at Emsworth were in reasonable 
agreement. Thus the correlation coefficients of the 
ranking orders for protective properties of the 24 
painting schemes, deduced from the results of inspec- 
tions of the specimens (a) made six weeks after the 
initial painting, were 0-883 (initial painting/first 
repainting) and 0-576 (initial painting/second re- 
painting). The correlation coefficient between the 
average order deduced from these three inspections 
and the order of merit deduced from an inspection 
of specimens (b) (six anti-corrosive coats) after 24 


-weeks was 0-523; this correlation corresponds roughly 


to a 1% level of significance. 


Results at Millport : Protective Properties—After the 
conclusion of the test at Millport, all the specimens 
were returned to the BISRA Corrosion Laboratory, 
Birmingham, where a detailed examination was made. 
From the results of this, coupled with those of 
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Fig. 3—Comparative performance of 24 bottom painting 
schemes applied to new unpainted steel and to old 
painted steel (comparisons based on protective 
properties): (a) uncorrected for variations in the 
weight of paint applied ; (6) corrected for variations 


in the weight of paint applied 


observations made at inspections in the field, orders 
of merit were compiled. 

The correlation of the orders of merit in regard to 
protective properties of the 24 painting schemes when 
applied to new unpainted steel and to old painted 
steel, respectively, is shown graphically in Fig. 3a. 
Each order is based on the results for two specimens. 
The correlation coefficient between the two orders 
is 0-608, which denotes good agreement and may be 
compared with values of 0-810 and 0-752, which were 
calculated for the correlation coefficients (p) between 
the duplicate specimens of the ‘new’ and ‘old’ 
sets, respectively. 

The correlation discussed in the previous paragraph 
does not take into account the fact that the weights 
of the painting schemes applied varied on the new 
and old specimens. If this variable is eliminated a 
much higher degree of correlation is obtained, as is 
shown in Fig. 3b, the value of the correlation coefficient 
now becoming 0-836. The variable was eliminated 
by arranging the 24 schemes in order of (decreasing) 
weight of paint applied per specimen and subtracting 
the numbers of this order from the corresponding 
numbers of the order of merit according to per- 
formance. A second order of merit was deduced from 
the differences so obtained. Separate calculations 
were made for each type of specimen and the two 
final orders of merit were compared. 

If a more crucial test is applied and the order of 
merit of the 24 compositions in the tests on new 
specimens at Millport is correlated with that observed 
at Emsworth after 24 weeks’ immersion for specimens 
(b) (six anti-corrosive coats, one anti-fouling coat), 
the value of the correlation coefficient is found to be 
0-555. This in itself denotes good agreement but, if 
allowance is made for differences in the relative 
weights of the compositions applied to each set of 
specimens, the correlation coefficient rises to 0-736, 
which may be regarded as showing a highly satis- 
factory degree of agreement between the two series 
of results. 

It may be concluded, therefore, that within the 
degree of reproducibility of this type of test, the 
relative behaviour of a given set of bottom painting 
schemes is substantially the same whether they are 
applied to new specimens of bare steel or to specimens 
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Fig. 4—Comparison of the lives to 
failure by fouling of 27 bottom 
painting schemes applied to new 
unpainted and to old painted 
steel 


that have previously been painted and exposed to 
an immersion test. 

Fouling at Millport—Periodic assessments of fouling 
were made throughout the immersion tests at Millport 
On the basis of the data collected, estimates were made 
of the anti-fouling life of the painting scheme applied 
to each specimen, these lives being regarded as the 
duration of exposure after which the paint ceased 
to give adequate protection. 

The results, considered separately for new and 
repainted surfaces, and which relate to 27 painting 
schemes, three of the Marine Corrosion Sub-Com- 
mittee’s formulated schemes having been exposed 
alongside the 24 proprietary ones, are plotted in 
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Fig. 5—Correlation of the lives to failure of 24 anti- 
fouling compositions with the results of leaching- 
rate tests 
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specimens. The estimates are necessarily approximate 
and are, to some extent, governed by the intervals that 
elapsed between successive inspections. Figure 4 shows 
a good correlation between the two sets of results ; 
the calculated value of the Spearman correlation 
coefficient is 0-767, which is highly significant. It 
will also be observed that there is no marked difference 
in the anti-fouling performance of the two sets of 
specimens considered as a whole. The average life to 
failure was 121 days for the new specimens and 125 
days for those that had previously been painted and 
immersed at Emsworth. 

As a general rule, the efficiency of an anti-fouling 
composition will not, therefore, vary appreciably 
whether it be applied to a new steel plate or to one 
that has previously been painted, provided that it is 
applied over its corresponding anti-corrosive composi- 
tion. 

Correlation of Anti-Fouling Performance at Millport 
with the Leaching-Rate Test—Determinations of the 
leaching rate of the anti-fouling compositions used 
for these tests were made by the Millport team of 
investigators. It is appropriate to correlate the results 
of these with the determinations of anti-fouling life 
in the raft test given above. 

The leaching-rate determinations were made on 
single coats of the anti-fouling compositions applied 
directly to ground glass slides and were continued for 


Table VIII 
EFFECT OF PHOSPHORIC ACID WASHES AND DIF- 
FERENT CLEANING METHODS ON THE PER- 
FORMANCE OF BOTTOM PAINTING SCHEMES 
Intact Paint after Exposure, %t+ 
Scheme Scheme Scheme 
Surface Preparation for Painting* x Y ae 
1. None, i.e., intact millscale 52 
2. Weathered for 3 months and 
wire-brushed 


Rough cleaning 82 96 93 
* and wash A 84 - ve 

and wash B_- 78 o a 

Standard cleaning 88 99 94 
Laboratory cleaning 73 93 90 
Mechanical cleaning 73 94 92 
” and wash A_ 69 es ae 


and wash B- 84 
3. Pickled in cold dilute hydro- 
chloric acid 8 73 48 
aN and wash A 23 Ay Bas 
and wash B= 79 
4. Pickled by the duplex pro- 
cesst 38 88 86 
5. Pickled in cold dilute hydro- 
chloric acid, weathered for 
6 days, and wire-brushed 


Rough cleaning 89 98 
" and wash A 84 Be 
9 and wash B_ 86 ahs cate 
Standard cleaning cs 65 75 
Laboratory cleaning 88 97 ies 
Mechanical cleaning 80 97 
es and wash A_ 66 es 
A and wash B_ 85 bas ee 
6. Grit-blasted 49 96 71 
Py and wash A 94 We ee 
a and wash B 75 
7. Machined 43 


waa ——_— of the methods of cleaning and of the washes are given 
the tex 

+ Some se the results refer to duplicate specimens, the others to 
single ones 

t Immersion in 5% sulphuric acid at 60°C. until millscale was 
removed and then in 10°, phosphoric acid at 80° C., with an inter- 
mediate rinse in hot water 
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a soaking period of up to 121 days. According to the 
current interpretation of the leaching-rate test, no 
fouling settles on an anti-fouling composition so long 
as the leaching rate exceeds 10 wg. of Cu/sq. cm./day. 
Although this theory calls for no direct relation 
between leaching rate and life to failure in a raft 
test, for the purpose of clarity the results of the two 
tests have been plotted in Fig. 5. The abscissae are 
the average leaching rates of the compositions over 
the whole test period of 121 days* and the ordinates 
are the corresponding lives to failure in the raft test. 
Those compositions having both an average leaching 
rate of less than ten units and a life of less than 121 
days satisfy the leaching-rate theory ; so do those 
with an average leaching rate of ten units or more 
together with a life of 121 days or more. Altogether 
there are 17 cases of the former type and two of the 
latter. Consequently, of the 24 anti-fouling composi- 
tions tested only five fail to comply with the require- 
ments of the leaching-rate theory. This justifies the 
conclusion that, in its present state of development, 
the leaching-rate test may at least be regarded as a 
useful, if not infallible, test for predicting the service 
performance of an anti-fouling composition. 


EFFECTS OF SURFACE WASHES AND DIFFERENT 
CLEANING METHODS 

The use of phosphating processes to prepare steel 
sheets for painting is well known and has led to the 
development of surface washes containing phosphoric 
acid, which are claimed to improve paint performance. 
On the whole, there is some truth in these claims, 
although the washes, which are generally applied cold, 
might be expected to produce thinner and less pro- 
tective coatings than those resulting from the hot- 
phosphating processes proper. 

Hitherto, surface washes have been used mainly 
for the preparation of steel surfaces to be protected 
against atmospheric corrosion. To investigate their 
value when the painted steel was subsequently 
immersed in sea water, a few preliminary tests were 
made, using two washes of the following compositions : 


Wash A Weight, % 
Phosphoric acid, S.G. 1-70 35 
Methylated spirits, 61 O.P. 65 

Wash B 
Chromic acid 1-7 
Phosphoric acid, 8S.G. 1-70 33-3 
Buty! cellosolve 6-7 
Water 58-3 


The washes were applied with a clean brush and 
left to dry for half an hour. After this, the specimens 
were washed in cold, fresh water and dried quickly 
near a small gas burner. The priming coat of paint 
was applied the same day. 


Test Series VII: Caernarvon 

Experimental Details—Test Series VII, commenced 
at Caernarvon in September 1942, was mainly 
concerned with the formulation of anti-corrosive 
compositions, but in addition 54 specimens were 
exposed in order to study the effects of varying the 





* The role of mercury in an anti-fouling composition 
is still obscure. In the present calculations the value 
of the leaching rate has been taken as the figure for 
copper plus twice the figure for mercury. There is some 
experimental justification for this. 
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methods of surface preparation for painting. The 
main variables studied were the use of phosphoric 
acid washes and, in the case of weathered specimens, 
the influence of the thoroughness of the final cleaning 
by wire-brushing. The methods of surface preparation 
investigated are given in Table VIII. Specimens 
carrying intact millscale or from which the millscale 
had been removed by pickling, grit-blasting, or 
machining were included for purposes of comparison. 

The weathered specimens were exposed at Birming- 
ham for three months ; on the average they had lost 
about 90°, of their millscale when they were painted. 
Four different cleaning processes, of increasing 
efficiency, were used on them. The first three, 
described in Table VIIT as ‘ rough,’ ‘ standard,’ and 
‘laboratory’ cleaning, consisted of brushing each 
specimen by hand for total times of 14, 3, and 6 min. 
respectively, including in each case half a minute 
spent on the edges. The brush was made of tufts 
of 0-010-in. dia. steel wire covering an area of 6 x 1} 
in. ; the total area of a specimen was 2-2 sq. ft. 

The fourth process, ‘mechanical’ cleaning, was 
carried out by means of an electrically driven 4-in. 
wheel brush, 1} in. wide, made of 0-012-in. dia. wire, 
with a free speed of 4500 r.p.m. It was applied to 
each face for 1 min., i.e., for 2 min./specimen, the 
edges being wire-brushed by hand for 4 min. 

The machined specimens were prepared with 
finishes similar to those used for propeller shafts, but 
one face of each specimen was given a smoother finish 
than the other. On both faces the first cut was 
approx. 0-020 in. deep, with a ,,-in. feed at about 
20 r.p.m. A second identical cut was given to the 
face with the rougher finish. The second cut on the 
face with a smoother finish was 0-010 in. deep with 
a ,4,-in. feed at 15 r.p.m. 

Three 3-coat painting schemes, X, Y, and Z were 
applied to various sets of specimens. Scheme X was 
proprietary but schemes Y and Z consisted of composi- 
tions developed by the Marine Corrosion Sub-Com- 
mittee. Two coats of anti-corrosive compositions 
Nos. 11 and 80 were used, respectively, for schemes 
Y and Z. The former consists of red lead, white lead, 
and extender bound in a modified phenol-formalde- 
hyde/stand-oil medium. The latter is pigmented with 
Burntisland red and has a 100% phenolic resin 
medium. Anti-fouling compositions AF/8/42 con- 
taining 16° of cuprous oxide and 8% of mercuric 
oxide were used to complete both schemes Y and Z. 

Tests on specimens painted with schemes Y and Z 
were discontinued in May 1943, after 35 weeks’ 
exposure, but those on the specimens coated with 
scheme X were continued for 47 weeks until August 
1943. 

Results—The results are expressed as percentages of 
intact paint remaining on the specimens after the 
completion of the test (Table VIII). The following 
conclusions can be drawn : 


1. Painting over the intact millscale gave poor 
results. 

2. Painting over a freshly descaled surface, free from 
rust, obtained either by pickling, grit-blasting, or 
machining proved unsatisfactory. This is particularly 
evident for the pickled, grit-blasted, and machined 
surfaces painted with scheme X ; for example, only 
8% of the paint was left on the specimens pickled in 
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cold dilute hydrochloric acid. In the case of most 

specimens prepared for painting. by these descaling 

methods, a lack of adhesion of the painting scheme 
was observed soon after immersion. 

3. This poor performance on freshly descaled sur- 
faces was improved to a large extent, either by the 
use of phosphoric acid washes or by the exposure of 
the pickled surface to the weather for six days before 
painting. For example, the percentage pf intact paint 
left on surfaces pickled in hydrochloric acid and painted 
with scheme X increased from 8 to 79 by the use of 
wash B. 

4. Differences in the efficiency of cleaning had no 
marked effect on the performance of the painting 
schemes, either on weathered or wire-brushed surfaces, 
or on pickled, weathered, and wire-brushed surfaces. 
The presence of rust alone on the steel at the time of 
painting had no seriously detrimental effect on the 
performance of painting schemes on steel immersed 
in sea water. 

5. The use of the phosphoric acid washes had no 
marked effect when applied to a weathered surface, 
even when this was pickled before exposure to the 
weather. 

Although not brought out by Table VIII, where 
an average figure is given for both faces, in the case 
of the machined specimens the paint was found to 
adhere better to the faces with the coarser cut, the 
percentages of intact paint for these faces being 63 
and 71, as compared with 24 and 13 for the faces 
with the smoother finish. 

In another set of tests at Caernarvon (Test Series 
XI) results at variance with this were obtained. In 
this case the use of a phosphoric acid on weathered 
specimens proved beneficial (Table IX). The four 
specimens concerned were prepared for painting in 
the same way as the specimens used for the main 
test series, namely, by pickling in dilute hydrochloric 
acid, weathering for two months in the open, and 
mechanical wire-brushing. In addition, however, they 
were treated with Panel Wash A, consisting of a 35% 
solution of phosphoric acid in methylated spirits. 
The phosphoric acid wash improved paint per- 
formance, since the average percentage area of bare 
steel on the specimens after exposure was reduced 
from 3-9 to 1-8; the duration of immersion was 40 
weeks. The appearance of a pair of treated and non- 
treated specimens at the end of the test is shown in 
Fig. 6. The whole question of the effects of phosphoric 
acid washes, however, needs further investigation. 


EFFECTS OF PRIMING PAINT 
It has been suggested that the ideal method of 
treating new ship-plate might be to remove the 
millscale and any rust by pickling or other means 
after fabrication, and to apply a complete priming 
coat of oil or paint to the plates before they leave the 
shop. If this procedure were adopted, the priming 


Table IX 


EFFECT OF TREATMENT WITH PHOSPHORIC 
ACID WASH ON PAINT ADHESION 


Area Bare of Paint after Exposure, % 
Wash 


Aic Composition No.* No Wash 
244 2-8 0-7 
252 4-7 4-5 
260 2-5 0-9 
268 5-8 1-3 
Average 3-9 1-8 


* For details of formulation of these compositions, see reference 7 
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(a) 


(b) 


Fig. 6—Effect of treatment with a phosphoric acid wash before painting, on the performance of a bottom painting 
scheme: (a) steel plate prepared for painting by pickling, exposure to the weather, and by wire-brushing; 
(6) steel plate prepared as in (a) but in addition, treated with a phosphoric acid wash 


coat would be exposed to the atmosphere when the 
plates were built into the ship on the stocks. For this 
reason, and also because of the fact that the priming 
paint would have an important influence on the 
behaviour of the main protective scheme applied on 
the stocks, two series of tests (IV and XA) have been 
conducted to investigate this question. A service 
trial made in a new vessel, the Empire Milner, is also 
of interest in this connection. 

Although later investigations have shown that, for 
practical purposes, the common procedure of not 
giving a shop coat and allowing the bare plates to 
weather on the stocks before painting gives satis- 
factory results (provided that the weathering period 
is adequate and the cleaning thorough), the results 
of these tests have a bearing on the general question 
of the protection of outer bottoms. 


Test Series IV: Caernarvon 
The early stages of Test Series IV have already 
been described® and it will suffice to give here the 
following brief details of the experimental procedure. 
Experimental Details—On various dates between 
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the production of the steel plates at the works and 
the application of the final painting schemes, some 
of the specimens were given a single coat of boiled 
linseed oil, mineral oil, anti-corrosive composition, red 
lead in linseed oil paint, or red oxide in linseed oil 
paint. In most cases, this treatment was preceded 
by pickling or by a period of exposure to the weather 
and was followed by a further period of weathering. 
For example, the results given in Table X relate to 
1-in. thick mild-steel plates either weathered for 14 
days, pickled in cold dilute hydrochloric acid, 


Table X 


EFFECT OF TEMPORARY PROTECTIVE TREAT- 
MENT ON THE BEHAVIOUR OF A BOTTOM 
PAINTING SCHEME 


Coating Intact Paint 

Weight, after 23 Weeks’ 

Temporary Protective Coating oz./sq. ft. Immersion, % 
Boiled linseed oil 0-05 63 
Mineral oil 0-05 81 
Anti-corrosive composition 0-08 71 
Red lead in linseed oil paint 0-30 92 
Red oxide in linseed oil paint 0-14 50 
None Nil 97 
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weathered for 21 days, wire-brushed, coated with the 
temporary protective, and weathered for 70 days, or 
weathered for 35 days, wire-brushed, coated with the 
temporary protective. and weathered for 70 days. 
Some specimens, however, were not weathered at all 
and others were painted with the red lead or the red 
oxide paint at the rolling mill two hours after the 
plates had been rolled. 

All the specimens were painted with a 3-coat 
proprietary bottom painting scheme ; those that had 
been weathered were wire-brushed immediately before 
being given the priming coat. 

The materials used for the initial temporary coat 
were : 

Boiled Linseed Oil—Taken from laboratory stock 

Mineral Oil—As used in H.M. Dockyards for appli- 
cation to freshly pickled plates 

Anti-Corrosive Composition—A_ special primer for 
bare steel supplied by the manufacturers of the final 
painting scheme 

Red Oxide in Linseed Oil Paint—The paint used for 
the Corrosion Committee’s atmospheric exposure tests, 
consisting of 64 parts by weight of natural Spanish 
oxide ground in 36 parts of a mixed linseed oil medium. 

For the present purpose, the paint was thinned with 

2% by weight of turpentine and 2% of terebine 

Red Lead in Linseed Oil Paint—The paint used for 
the Corrosion Committee’s atmospheric exposure tests, 
consisting of 80 parts by weight of non-setting red lead 
ground in 20 parts of a mixed linseed oil medium. 

The paint was thinned for use by the addition of 0-4% 

by volume of turpentine and 0-4% by volume of 

boiled linseed oil. 

The oil coatings were rubbed on by means of rags 
at a spreading rate of about 3000 sq. ft./gal.; the 
paints and anti-corrosive composition were applied 
by brush at a rate of about 1500 sq. ft./gal. 

The final painting of the specimens took place at 
Caernarvon in January 1942. Specimens were 
immersed from the raft for various periods, up to a 
maximum of 69 weeks in the case of the most efficient 
painting schemes. 

Results—The temporary protective coatings differed 
considerably in the degree to which they protected 
the steel during the preliminary weathering period 
in the atmosphere. At the end of exposure, the 
specimens coated with mineral oil were indistinguish- 
able from those that had received no protective treat- 
ment. All the other treatments protected the steel 
adequately over 70 days’ exposure to the weather, 
and it is noteworthy that thin films of linseed oil are 
capable of protecting steel exposed outdoors under 
moderately corrosive conditions for two or three 
months. 

The effect of the temporary protective treatments 
on the behaviour of the final painting scheme when 
immersed in sea water was estimated by the per- 
centage of intact paint remaining on the specimens 
after 23 weeks. These results, given in Table X, are 
average figures for the eight surfaces (four fronts and 
four backs) of duplicate specimens treated by the two 
weathering procedures. Boiled linseed oil was used 
only for specimens treated by the first procedure, which 
included pickling in hydrochloric acid. The figure 
given for specimens with no temporary protective 
coating is an average value for specimens, originally 
either in the as-rolled or in the pickled condition and 
prepared for painting by exposure to the weather 
throughout the whole period of 105 days. 
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None of the protective treatments applied during 
weathering improved the performance of the final 
painting scheme, although the red lead in linseed oil 
paint, and to a less degree the mineral oil, had no 
markedly detrimental effect. The evidence tends to 
show that temporary coatings of boiled linseed oil, 
and particularly of red oxide in linseed oil paint, are 
injurious. 

More extensive investigations would be necessary 
to establish these conclusions with certainty but they 
may at least be accepted provisionally for the following 
reasons : 

(1) The presence of temporary protective coatings 
interferes with the removal by weathering of the 
millscale from as-rolled surfaces. In the present tests, 
for example, the specimens coated with mineral oil 
had lost only 11% of their millscale, as compared with 
87% for uncoated specimens exposed for the full 
weathering period of 105 days. This factor would not, 
of course, arise in the case of pickled specimens. 

(2) Ordinary linseed oil media are easily hydrolysed 
and therefore are not the most suitable for the pro- 
tection of steel immersed in sea water. Should cor- 
rosion occur under these conditions, alkali is formed 
at the cathodes and linseed oil is sensitive to this. 
This weakness of linseed oil is particularly apparent 
when it is used alone or pigmented with red oxide, 
which is inert. The use of red lead pigment, which 
slowly reacts with the oil, forming soaps and thus 
giving rise to a tougher film, has yielded much better 
results. Even so, the use of priming coats bound with 
unmodified linseed oil media is probably best avoided 
in the case of steel intended for underwater work. 
The superiority of the red lead paint over the red 

oxide paint is well brought out by the data given in 
Table XI. These have been compiled in the same way 
as the results shown in Table X except that the basis 
of comparison is broader, 12 specimens being con- 
cerned in each case. It will be seen that the average 
figure for intact paint after 23 weeks’ immersion was 
94% when red lead paint was used, as compared with 
36% for red oxide paint. Indeed, at this stage of the 
test the specimens treated with red lead were in better 
condition than those that had received no temporary 
protective treatment. 

The final order of merit of the specimens in this 
group is given in Table XII. The order was deduced 
from a consideration of all the observations made, 
both during immersion and at the final laboratory 
inspection. Although some of the specimens coated 
with red lead performed well, the adhesion of the 
paint to them at the end of the test was less good 
than for the fully weathered specimens that received 
no temporary protective treatment. In fact, the 
pickled and the as-rolled specimens weathered for 
105 days are among the group of three at the head 
of the list. Bad results were again observed when the 


Table XI 


EFFECT OF PRIMING COATS OF RED LEAD OR 
RED OXIDE IN LINSEED OIL PAINT ON THE 
BEHAVIOUR OF A BOTTOM PAINTING 
SCHEME 


Intact Paint after 23 Weeks’ 


Priming Coat Immersion, %* 


Red lead in linseed oil 94 
Red oxide in linseed oil 36 
None 84 


* These figures differ from those given in Table X, because a greater 
number of specimens enters into the comparison 
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Table XII 
TEST SERIES IV (CAERNARVON): FINAL ORDER OF MERIT OF THE SPECIMENS COATED WITH 
BOTTOM PAINTING SCHEME A* 
Surface Preparation for Paintingt 
Period of 
Reaaeston, Grading a eaieiakat —- 7 
weeks ‘emporary Protective : 
Bm Treatment Ge 
69 Very Good p None 105 90 
35 Red lead 70 75 
Nil None 105 87 R 
N 
69 Good 35p None 70 79 A 
Nil Red lead at mill Nil 16 A 
Nil ” ” 9 ” 105 21 
35 Mineral oil 70 66 N 
p Red lead Nil 17 
im 
52 Moderate 14p21 Mineral oil 70 34 by 
9ip None 14 16 
35p Red lead 70 14 
14p21 oe... be 70 15 
14p21 Anti-corrosive 70 5 
70p None 35 96 
70 Red oxide 35 528 
25 Bad 14p21 Boiled linseed oil | 70 35 of 
35 Red oxide 70 44 
35 Anti-corrosive 70 24 th 
14p21 Red oxide 7 53 do 
35p ” ” 70 74 sp 
p None Nil 48 cal 
Nil Red oxide at mill 105 20 
Pp Red oxide Nil 43 at 
1a ” ” 91 30 col 
Nil Red oxide at mill | Nil 15 ne 
| in 
* See also Table XVI of the First Report of the Marine Corrosion Sub-Committee co! 
+ The figures refer to the weathering periods in days. Weathering was begun in Birmingham (Bm) and completed at Caernarvon (Cn); 3 
the temporary protective coating, if any, was applied in Birmingham. ‘‘ p ’’ denotes that the specimens were pickled in cold dilute hydro- wit 
chloric acid. Example: *‘ 14p21, boiled oil, 70 ’’ means ** exposed for 14 days at Birmingham, pickled, re-exposed for 21 days at Birmingham, 
(wire-brushed), coated with boiled oil and finally exposed for 70 days at Caernarvon"’ 4 
¢ Average value for four surfaces, fronts and backs of duplicate specimens, as observed at the final laboratory inspection. These figures me 
convey a general picture of the state of the surface after exposure but do not correspond exactly with the gradings which take a number of 
other factors into consideration. It should be noted that the duration of immersion varied res 
§ This specimen was immersed for 25 weeks only, but it is included in the higher group on the basis of the final laboratory inspection at 
final painting scheme was applied directly over pickled parison each finishing scheme was also applied directly pri 
and unrusted steel. to the steel, the priming coat being omitted. pai 
Particulars of the priming coats used, other than J 
Test Series XA: Caernarvon proprietary compositions, were as follows : the 
Test Series XA at Caernarvon was undertaken at Red Iron Oxide in Linseed Oil Paint—This was Im} 
the request of the Director of Merchant Shipbuilding supplied by Mr. Fancutt and had the following ben 
to obtain information on the effects of weathering seas tueiaieidle Weight, ° OXi 
ship-plate in sea water before painting, and on the Iron oxide | 72 con 
value of applying various types of priming paint as Raw linseed oil 12 me! 
an additional coat beneath the final two-coat bottom Sensing ta oe 7 pall 
painting scheme specified at that time. Terebine 5 
Experimental Details—Four proprietary painting Wt. /gal. 24 Ib. 
schemes were used ; each of Admiralty quality, taken Efflux time * 10 sec. EFI 
from Dockyard stock ; and representative of the Mixed Red Lead and White Lead in Linseed Oil 
materials that were available and specified then. Paint—This was also supplied by Mr. Fancutt and had 
Each painting scheme was applied over the follow- the following composition : deiieiia 
: . © sight, % 
ing four priming coats : Rad lead "O4 
(1) Red oxide in linseed oil paint White lead 55 Mix 
(2) Mixed red lead and white lead in linseed oil paint Linseed oil 12 rye 
(3) A/e composition No. 32 White spirit 9 / 
(4) The anti-corrosive composition of the final paint- 2 ae 
ine dig giesianear’ rae gs u ai pain Wt./gal. 29 Ib. Non 
ing scheme, i.e.. an additional coat of this was given. Effux time* 15 sec. 
Th a we Re alee ia . “ 
The re were thus 16 different combinations ot * First 50 ¢c.c. of paint from a full No. 4 Ford cup at that | 
priming coat and painting schemes, and for com- 70°F h t 
show! 
JULY, 1950 JUL 
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A/c Composition No. 32—This consists essentially 
of a mixture of basic lead sulphate (2 parts), white 
lead (1 part), and Burntisland red (2 parts), bound in 
a modified phenol-formaldehyde/stand-oil medium.* 


Table XIII 


TEST SERIES XA (CAERNARVON): AVERAGE 
FAILURE OF BOTTOM PAINTING SCHEMES 
AFTER 12 WEEKS’ IMMERSION 


Average 
Failure,* 
Priming Coat % 
Red iron oxide in linseed oil paint 1-13 
Mixed red lead and white lead in linseed oil 
paint 0-11 
A/c composition No. 32 0-03 
A/c composition of final painting scheme 
(extra coat) 0-14 
None 1-18 


* Average figure observed at inspections after 7 and 16 weeks’ 
immersion for rusting plus flaking 


Each of the 20 painting procedures was applied to 
two specimens prepared for painting as follows : 

(i) Weathered in air for 24 days at Birmingham and 
then for 18 days at Caernarvon 
(ii) Weathered in air for 10 days at Birmingham 

and then immersed in the sea at Caernarvon for 31 

days. The shortness of the weathering periods was 

dictated by the urgency of the problem. 

The priming coats were applied at Caernarvon 
after the specimens had been wire-brushed and, in 
the case of those weathered in the sea, also washed 
down with fresh water. The final painting of the 40 
specimens with the 2-coat proprietary schemes was 
carried out a week later. The specimens were immersed 
at Caernarvon in September 1943, and exposure was 
continued for 49 weeks until August 1944. Unfortu- 
nately, 12 specimens were lost during a storm early 
in 1944 after only 16 weeks’ immersion had been 
completed, but this loss did not seriously interfere 
with the interpretation of the results. 

Results—The bearing of the results on the relative 
merits of weathering ship-plate in air or in water 
respectively, has been discussed on p. 317. The point 
at issue here is the influence of the different types of 
priming paint on the performance of the final 2-coat 
painting schemes applied over them. 

In the early stages of the test, say up to 16 weeks, 
the behaviour of the final painting schemes was 
improved by the addition of any of the primers 
beneath them, with the possible exception of the red 
oxide paint. The best of these primers was a/c 
composition No. 32. This was followed in order of 
merit by the mixed red lead and white lead priming 
paint and then by an additional coat of the pro- 


prietary anti-corrosive composition, used as a primer. 
The red oxide priming paint had given the worst 
results of the four primers. This is illustrated by the 
data given in Table XIII for the average surface 
failure after 12 weeks’ immersion, taken as the sum 
of the percentage flaking and the percentage rusting. 
The figures are averages for all the specimens primed 
in the same way, irrespective of the surface prepara- 
tion or the final painting scheme ; consequently each 
value is an average for 16 surfaces. It is doubtful 
whether the difference between specimens primed with 
red oxide in linseed oil paint and those that received 
no additional priming coat is significant. 

The superiority of a/c composition No. 32 when used 
as a priming paint grew more marked as the experi- 
ment progressed. This is brought out by the figures 
given in Table XIV for the percentage of intact paint 
recorded after the specimens had been returned to 
the laboratory. Owing to the loss of certain specimens, 
the average figures given are not strictly comparable 
but they give a correct picture of the general trend 
of the results. 

There was a falling off in the relative merit of the 
mixed red lead and white lead in linseed oil priming 
paint over the longer period of exposure. This is 
largely due to the tendency of this paint to flake off 
after prolonged immersion. The red oxide paint gave 
worse results than when no additional coat of priming 
paint was used. Finally, the application of an extra 
coat of the anti-corrosive composition of the final 
painting scheme led to no advantage, possibly because 
the priming coats were exposed to the weather for 
a week before the final painting was undertaken. 

Laboratory Tests—A parallel series of laboratory 
tests was made on 20 specimens of 1 in. x 16 8.W.G. 
mild-steel strip, each 3 in. long and carrying millscale. 
Ten of these were exposed to the weather outdoors 
for 16 days and ten were immersed in artificial sea 
water for the same period. After appropriate cleaning, 
the specimens were primed and painted by similar 
procedures to those adopted for the main series of 
raft tests, except that only two of the final painting 
schemes (schemes A and D) were used. 

The specimens that had been immersed in sea water 
were allowed to dry naturally in air and were cleaned 
with a soft bristle brush before applying the priming 
paint. This cleaning removed most of the loose rust 
that had formed on the specimens. The priming coats 
were allowed to dry overnight indoors. On the follow- 
ing morning, small droplets of rusty water were noticed 
on the surface of all the specimens that had been 





Table XIV 
EFFECT OF DIFFERENT PRIMING COATS ON THE PERFORMANCE OF 2-COAT BOTTOM PAINTING 
SCHEMES 
Intact Paint after 49 Weeks’ Immersion, ”,,* 
Priming Coat Scheme A Scheme B Scheme C Scheme D_= Average 
Red iron oxide in linseed oil paint 30 76 87 52 57 
Mixed red lead and white lead in linseed oil paint 75 L 69 79 73 
A/c composition No. 32 89 80 L 98 89 
A/c composition of final painting scheme (extra coat 82 83 64 45 68 
None L 79 75 71 75 
L denotes 


* The figures are means for two specimens in the sea and in air respectively, except where one of these specimens was lost. 


that both specimens were lost 


+ True overall averages for all the specimens remaining, which, therefore, do not tally with the arithmetical averages of the figures 


shown 
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Table XV 


LABORATORY TESTS ON 2-COAT BOTTOM 
PAINTING SCHEMES APPLIED OVER DIF- 
FERENT PRIMING COATS 


Average Failure* 
after 6 Months’ 


Priming Coat Immersion, % 

Red iron oxide in linseed oil paint 13 
Mixed red lead and white lead in linseed 

oil paint 2 
A/c composition No. 32 1 
A/c composition of final painting scheme 

(extra coat) 2 
None 8 


* Flaking plus rusting ; overall average for 4 specimens, one 
weathered in air and one in sea water, painted by each of two final 
painting schemes 


immersed in sea water. The same phenomenon was 
observed when preparing specimens at Caernarvon for 
the main series of raft tests. 

The laboratory test was conducted by suspending 
completely immersed specimens, vertically in pairs, 
in wide-mouthed conical flasks containing sea water. 
The flasks were stoppered and connected by glass 
tubing to a filter pump in two trains of five. A stream 
of air was drawn through the solution during the day 
but the filter pump was stopped at night. 

Results—Breakdown of the protective schemes in 
this test was slow, although the experiment continued 
for six months. The average condition of the specimens 
with different priming coats at the end of this time 
is given in Table XV. 

The laboratory tests confirmed the general con- 
clusions drawn from the raft tests, namely, that a/c 
composition No. 32 is the best of the priming coats 
and that with red oxide in linseed oil paint as a primer 
results were worse than when a priming coat was 
omitted altogether. The test failed to distinguish 
between the value of the mixed red lead and white 
lead primer and that of an additional coat of the final 
anti-corrosive composition. Moreover, it should be 
added that there were wide divergencies between the 
behaviour of individual painting procedures in the 
laboratory test and in the raft test. The correlation 
coefficient between the two sets of results, based on 
the ranking orders of individual specimens was as 
low as 0-39, but a higher figure might have been 
obtained if it had been possible to correct the results 
for variations in paint film thickness. 


Service Tests on S.S. Empire Milner 

Experimental Details—To investigate the value of 
launching ships with a single coat of priming paint 
on their outer bottom and to compare the merits of 
red oxide and of mixed red lead and white lead in 
linseed oil paints when used for this purpose, tests 
were carried out by arrangement with the Director 
of Merchant Shipbuilding. With the collaboration of 
the owners, the British Tanker Co., Ltd., a new oil 
tanker, the Empire Milner, was made available for 
this service trial. ; 

The Empire Milner is a vessel of 12,000 tons with 
dimensions 465 ft. x 64 ft. x 35 ft. 6in. The surface 
area of the outer bottom plating used for the test 
was about 25,000 sq. ft. The keel plate was laid in 
March 1943, and the outer bottom was coated in 
quarters in January 1944, with single coats of the 
following two priming paints : 
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(1) Red oxide in linseed oil paint applied to the 
after port and forward starboard quarters 

(2) Mixed red lead and white lead in linseed oil 
paint applied to the forward port and after starboard 
quarters. 

The compositions of the paints, which were formu- 
lated by Mr. Fancutt, are given in Table XVI. After 
the usual weathering in the stocks, the bottom was 
prepared for painting by scraping and wire-brushing ; 
on the average, 80° or more of the millscale had been 
shed when the paint was applied. Long-handled 
double-headed brushes were used for painting. The 
spreading rates recorded were about 290 sq. ft./gal. 
for the red oxide paint and 240 sq. ft./gal. for the 
mixed red lead and white lead paint. These figures 
correspond roughly to average film thicknesses of 
6-7 and 7-9 mils, respectively, and show that good 
thick coats were applied. 

The red oxide paint dried satisfactorily but the 
mixed red lead and white lead paint was slow in 
drying on areas where it had been applied thickly. 
However, all the paint was dry before the ship was 
launched a month later, in February 1944. 

Results—The first two dry-dockings after fitting 
out, in July and December 1944, took place according 
to plan but shortly after the latter, the ship struck a 
wreck and had to be docked again for repairs in this 
country in March 1945. About 50 bottom plater 
were replaced on this occasion. After this, the Empure 
Milner went into service, but in October 1945 it was 
involved in a collision in U.S.A. waters, which necessi- 
tated further repairs in that country. Observations 
on the bottom were then discontinued, as the trial] 
had served its purpose. 

At each of the first three dry-dockings, a single coat 
of proprietary anti-corrosive composition was applied 
over the old paint and was followed by a single coat of 
the corresponding anti-fouling composition ; the same 
brand was used throughout. The a/c and a/f composi- 
tions were of the qualities specified by the Ministry 
of War Transport at that time. Thus, by the fourth 
dry-docking in the U.S.A., six coats of paint had been 
applied over the original single priming coats applied 
on the stocks. 

The condition of the paint on the bottom was 
assessed at the first three dockings by representatives 
of the Marine Corrosion Sub-Committee and, in the 
case of the docking in the United States, a report from 


Table XVI 
COMPOSITIONS OF THE RED OXIDE AND MIXED 
RED AND WHITE LEAD IN LINSEED OIL PRIM- 
ING PAINTS APPLIED TOS.S. EMPIRE MILNER 
Composition by Weight, % 


Mixed Red and 
Red Oxide Paint White Lead Paint 


Red oxide* 69-7 


Red lead, non-setting 25-4 
White lead 51-2 
Talc aes 2-8 
Linseed oil, raw 11-7 11-2 

*e boiled 5-9 = 
White spirit 4.9 5-7 
Terebine 0-9 
Paste drier i 2-8 
Terebine driers 7-8 pea 
Weight/gal., Ib. 21-0 29-6 

* Middle Indian red, 97% Fe,O, 
JULY, 1950 
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the Master was forwarded through the courtesy of 


the owners. It is difficult to present these four sets 
of observations in the form of figures but an attempt 
to do this has been made in Table XVII, which gives 
the percentage of the surface that was rusted and the 
percentage of the surface that was not in good 
condition for painting. The figures are mean observa- 
tions for the two quarters coated with each priming 
paint. 

Conclusions—The results shown in Table XVII 
illustrate two conclusions on which all who inspected 
the bottom at the dry-dockings in this country were 
in agreement, namely : 

(i) The bottom paint was in very good condition, 
strikingly so in comparison with that on similar 
vessels. For instance, in his report of October 1945, 
the Master wrote. “ Except for the area aft on the 
starboard side,* the bottom generally was in very good 
condition.” 

(ii) The quarters that had been primed with mixed 
red and white lead paint were in slightly better 
condition than those that had been primed with the 
red oxide paint. 

The report on the last inspection received from the 
Master is at variance with the latter conclusion, but 
the comparison may have been invalidated as a result 
of the damage received in the collision and of the 
substitution of new plates during the previous repairs. 
It is certain, however, that the difference between the 
two types of priming paint was not nearly so great 
as would have been anticipated from the results of 
the raft and laboratory tests reported earlier in this 
section. This may be because particular care was 
given to the formulation of the red oxide paint used 
on the Empire Milner, and it had time to dry out 
thoroughly before the vessel was launched. The 
balance of the evidence reported in this section 
points, however, to the conclusion that a straight- 
forward red oxide in linseed oil paint is not the best 
material for priming ships’ bottoms and that its use 
for this purpose is best avoided. 

EFFECT OF METALLIC COATINGS UNDER THE 
PAINT 
Test Series III: Caernarvon 

Although it has been the practice of the Admiralty 
to hot-galvanize the bottom plates of certain types 
of ship, the use of protective schemes consisting of 
metallic coatings and paint on steel immersed in sea 
water is not as yet widespread. It is a subject that 
needs considerable study and the few experiments 








* Six adjacent plates near the stern are mentioned ; 
it is reasonable to assume that the paint had been 
removed here as a result of damage. possibly in the 
collision. 


reported here constitute little more than a preliminary 
exploration. These formed part of Test Series III, 
which was commenced at Caernarvon in July 1941. 


Experimental Details—The specimens exposed in 
this test series included 16 that were protected 
by means of paint applied over metallic coatings of 
aluminium, lead, or zinc. A proprietary 3-coat paint- 
ing scheme was used for painting ten of them ; the 
remainder were coated with two coats of red oxide 
in linseed oil paint. Details of the various metallic 
coatings tested are given in Table XVIII. 

The specimens were immersed at Caernarvon for a 
period of 54 weeks until July, 1942. After the final 
laboratory inspection the ten specimens that had been 
coated with the proprietary 3-coat painting scheme 
were returned to Caernarvon. They were repainted 
there in exactly the same way as before, in September 
1942, after which they were re-immersed for 47 weeks 
until August 1943, when the test was concluded after 
a total immersion period of 101 weeks. 

Results—The behaviour of the ten specimens on 
which the proprietary painting scheme was applied 
over metallic coatings is recorded in Table XVIII. 
The amount of paint adhering to the specimens could 
not be determined accurately at the end of the second 
period because of the difficulty of distinguishing 
between the anti-corrosive coat, which was grey, and 
the underlying metallic coating where this had been 
laid bare. It is certain, however, that the paint itself 
had ceased to protect the specimens adequately and 
that these needed repainting. 

The results showed that three of the metallic 
coatings, namely, sprayed aluminium, hot-dipped 
zine, and sprayed zinc, protected the steel completely 
against corrosion over the whole 2-yr. test period, 
despite the failure of the paint. Electrodeposited 
lead was slightly less good ; in any case, the use of 
lead coatings for steel immersed in sea water should 
be avoided, as severe pitting is liable to occur once 
the lead coating is penetrated. In the present tests, 
for instance, a pit 24 mils deep was observed at a 
scratch in the lead coating. 

The sherardized coatings failed because of the 
relative thinness of the zinc deposit ; pits about 20-25 
mils deep were measured on these specimens. 

The degree of protection achieved is indicated by 
the fact that, on the average, the weight of the ten 
specimens concerned was 19 g. (0-3 oz./sq. ft.) greater 
than before the initial painting scheme was applied. 
This increase represents the weight of paint finally 
left on the specimens less the weight of metallic 
coating or steel corroded. By comparison, a bare 
steel specimen exposed over the same period would 
have lost about 350 g. (5-6 oz. /sq. ft.). 


Table XVII 
RESULTS OF SERVICE TRIALS ON S.S. EMPIRE MILNER 


Bad Surface for Repainting, %,* 


Dry-Docking Surface Rusted, % 
Mixed Red Lead and Mixed Red Lead and 
Period Afloat, Red Oxide Priming White Lead Priming Red Oxide Priming White Lead Priming 
No. Date months Paint Paint Paint Paint 
1 July 1944 5 8 2 13 9 
2 December 1944 11 10 5 25 15 
3 March 1945 13 13 8 28 11 
4 October 1945 19+ 10 10 20 35 
* Percentage of the surface where the old paint was not intact 
+ Including an allowance for time lost in dry-docking for repairs 
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The results after the first period of exposure were 
similar in character ; the most marked rusting and the 
least paint adhesion were observed on the sherardized 
specimens. The condition of all the specimens on 
which the bottom painting scheme had been applied 
over metallic coatings was, however, much better 
than that of control specimens that had been given 
no metallic coating but prepared for painting by 
pickling. In the case of these control specimens there 
was some evidence that specimens prepared by the 
duplex pickling process, which consists in removing 
the millscale by immersion in hot dilute sulphuric 
acid, rinsing, and a final immersion in hot dilute 
phosphoric acid, were in better condition than speci- 
mens prepared by straightforward pickling in cold 
dilute hydrochloric acid. This fact is illustrated by 
the following figures for rusting recorded at the final 
inspection of the first period of exposure, made on the 
raft at Caernarvon after 54 weeks : 


Surface Preparation Rusting, % 
Pickled by cold hydrochloric acid 13 
Pickled by the duplex process 5 
Metallic coatings, average for all types 0-6 


It is clear from this that the performance of the 
protective scheme was enhanced when it included a 
metallic coating. The anti-fouling properties of the 
paint were also improved. The life of the anti-fouling 
composition to an accepted degree of failure was 35 
weeks when the painting scheme was applied to 
pickled steel, but exceeded the duration of the test, 
54 weeks, when painting took place over a lead or 
zine coating. The improvement was less marked in 
the case of the specimens coated with sprayed 
aluminium, the observed life being 51 weeks. These 
observations may be connected with the improved 
adhesion of the painting scheme when applied over 
a metallic coating and also, in the case of zinc 
and lead, with some slight toxicity of the coating 
metal itself, which has been noticed in other tests. 

It should not be inferred that all bottom painting 
schemes will adhere better to metallic coatings than 
to bare steel. The selection of anti-corrosive composi- 
tions for use over metallic coatings needs careful 
study. 

The performance of the painting scheme comprising 
two coats of red oxide in linseed oil paint, which was 


applied to some other specimens, was poor, as would 
now be expected. After 54 weeks’ immersion, most 
of the paint had been washed away. 


CORRELATION OF RESULTS OF RAFT TESTS 
WITH RESULTS OF PATCH-PAINTING TRIALS 
ON A SHIP’S HULL 

The surface condition of a large plate forming part 
of a ship’s hull may differ from that of a small mild- 
steel specimen prepared in the laboratory, and correla- 
tion of the results of raft tests on small specimens 
with those of service trials on actual hulls was investi- 
gated in the course of the service trials on R.F.A. 
Wave Governor which were begun in November 1944, 
with the collaboration of the Admiralty and the 
Furness Shipbuilding Co., Ltd. Two small patches 
situated near the stern in corresponding positions on 
the port and starboard sides were divided into a 
number of smaller areas, each of which was painted 
with a different anti-corrosive composition, as shown 
in Fig. 7. Twelve compositions were selected from 
the earlier raft tests at Caernarvon’ in such a way 
as to represent a gradation in protective value between 
the best and the worst compositions of the series. 
When the ship was inspected later in dry-dock after 
fitting out, the order of merit of the compositions in 
the patch-painting trials was correlated with that 
previously observed in the Caernarvon raft tests. 

Experimental Details—The patch-painting was done 
on the stocks in November 1944. About 20 adjacent 
frame spaces were wire-brushed in the same way as 
the rest of the bottom, the test area extending in 
depth over the whole of B-strake from seam to seam. 
Two coats of the selected anti-corrosive composition 
were applied to a pair of single frame spaces, one on 
each side of the ship, the relative positions of indi- 
vidual patches being selected at random. The painting 
was done with short-handled brushes. 

The Wave Governor was launched in November 
1944, and, after fitting out, was dry-docked in March 
1945. The patches were inspected and assessments 
made of blistering, flaking, and rusting in the same 
manner as in the raft tests. The compositions were 
arranged in order of merit on the basis of these 
observations, taking average values for both sides of 
the ship. 


Table XVIII 
RESULTS OF TESTS ON A SHIP’S BOTTOM PAINTING SCHEME APPLIED OVER METALLIC COATINGS 

















| 
| Condition of Specimens* 
Metallic Coating After Ist Immersion | After 2nd Immersion 
(54 weeks) | 47 weeks)§ 
| . e , | 
Metal and Process mae ek. | — | oa: anes “— 
} H 
| | | | 
Aluminium, sprayed+ 0.9 | 0.2 | 56 | Nil 
Lead, electrodeposited 4.9 1.3 78 2-8 
Zinc, hot-dippedt+ | 2-5 | 1-4 61 | Nil 
e i sherardized | 0-7 4.3 42 30 
” * sprayed} | 2:2 | 0:2 | 80 | Nil 
i i | | 








* Average results for four surfaces (fronts and backs of two specimens) 
+ Other tests, not reported here, were made in which these metallic coatings were painted with two coats of red oxide in linseed oil paint 


t The average weight of the dry 3-coat paint film was 0-9 oz./sq. ft. 
§ This second period of immersion was additional to the first, at the end of which the specimens were repainted with the same 3-coat 


bottom painting scheme, the average weight of the dry paint film being 0-5 oz./sq. ft. 
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Fig. 7—Patch-painting trials on R.F.A. Wave Governor 


Results—As will be seen from Table XIX the 
correlation between the order of merit in this 
service trial and that observed in the raft tests is 
good. In fact, the correlation coefficient calculated 
by Spearman’s method is 0-75. Agreement is’ particu- 
larly good considering that it might easily have been 
upset by a number of disturbing factors, such as the 
difference in the relative weights of the paint films 
in the two tests, the difference in the duration of 
immersion, and the lack of homogeneity of the 
different frame spaces as regards the shedding of 
millscale. 

It can be concluded from this experiment that 
correlation between raft tests and service trials is 
good, although the reservation must be made that 
the ship was fitting out during the service trial and, 
therefore, was not in motion. There is no evidence, 
however, that this would have affected the result. 


CONCLUSIONS 


Although finality is far from being reached and 
much still remains obscure, the following conclusions 
may be drawn from this work on the effect of surface 
preparation on the behaviour of anti-corrosive 
compositions applied to steel immersed in sea water : 

(1) As in the case of painting schemes used for 
protection against atmospheric attack, the per- 
formance of anti-corrosive compositions may be 
profoundly affected by differences in the methods of 
preparing the steel for painting. 

(2) In both cases, it is bad practice to apply paint 
over millscale but, whereas in the case of atmospheric 
exposure the best results are obtained by painting 
over a completely descaled, freshly prepared, and 
unrusted steel surface, this is not invariably true for 
marine exposure ; some paints fail to adhere to this 
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type of surface when the painted steel is subsequently 
immersed in sea water. 

(3) The reasons for this difference are not yet known. 
For practical purposes, the trouble can be largely 
remedied either by allowing the descaled steel surface 
to rust slightly or by treating it with a phosphoric 
acid wash before the application of the priming coat 
of anti-corrosive composition. 

(4) It follows that the method of surface preparation 
by weathering the steel plates until they have shed 
their millscale completely should yield good results 
in the case of ships’ hulls, although it is the worst 
possible procedure in the case of steelwork intended 
for structures exposed to the atmosphere. Under 
practical conditions, however, it is difficult to ensure 
complete descaling of all the component plates of a 
ship’s bottom, so that it is safer to descale the plates 
either by grit-blasting or by pickling and then allow 
them to rust or treat them with a surface wash. 


Table XIX 


CORRELATION OF THE RESULTS OF A RAFT 
TEST WITH THOSE OF A SERVICE TRIAL 
Order of Merit 


Ajc Composition No.* Service Trial Caernarvon Raft Test 


190 1 1 
197 2 2 
185 3 3 
273 4 7 
161 5} 4 
179 5} 5 
170 7 11 
225 8 12 
157 9 6 
272 10 9 
205 il 10 
203 12 8 


* For details of the formulation of these compositions, see reference 7 
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(5) Rapid pitting may occur at * holidays’ (bare 
areas in a paint film) on an immersed steel plate and 
rates of up to 0-16 in./yr. have been observed. 

(6) The presence of intact millscale on the steel 
beneath the paint may also promote pitting. The 
experimental evidence shows, however, that if the 
millscale is fairly thoroughly removed from ship- 
plate by weathering, say to the extent of 90%, it 
is improbable that the pitting will be more serious 
than on a steel surface prepared for painting by 
pickling, so as to remove all the millscale. 

(7) The procedure of launching a ship with the 
bottom unpainted is not recommended, because the 
rate of removal of the millscale is slower in the sea 
than when the plate is exposed to the air ; appreciable 
pitting may result from the presence of the millscale ; 
and the labour of cleaning the bottom before painting 
when the ship is docked is greatly increased. 

(8) In the series of tests made so far, a high correla- 
tion has been observed between the relative merits 
of a number of compositions when used for initial 
painting or for repainting respectively. It is con- 
cluded that, with few exceptions, the relative 
behaviour of a given set of bottom painting schemes 
is substantially the same whether they are applied 
to new specimens of unpainted steel or to specimens 
that have previously been painted and exposed to an 
immersion test. This applies in the main both to the 
protective and to the anti-fouling properties of the 
painting schemes. 

(9) Experiments on the use of various priming coats 
have shown that red iron oxide in linseed oil paint 
gives poor results under a bottom painting scheme. 
A mixed red lead and white lead paint in linseed oil 
is much better, but the best results have been obtained 
by using formulated anti-corrosive compositions 
developed by the Marine Corrosion Sub-Committee. 

(10) Zine or aluminium coatings on steel improve 
the performance of bottom painting schemes applied 
over them, but the use of lead coatings should be 
avoided because they promote pitting of the steel 
base. 

(11) Good correlation has been observed between 
the results of a raft test and those of a patch-painting 
trial on an actual bottom. 


Acknowledgments 


The author acknowledges the encouragement, 
assistance, and advice given in the early stages of 
this work by the late Dr. W. H. Hatfield, F.R.S., 
then Chairman of the Corrosion Committee, and by 
the late Dr. G. D. Bengough, F.R.S., the first Chair- 
man of the Marine Corrosion Sub-Committee. Dr. 
Bengough’s successor, Professor J. E. Harris, and 
other members of the Sub-Committee have given much 
practical help and support. He is particularly indebted 
to Mr. F. Fancutt, the Paint Technologist of the 
Railway Executive (London Midland Region) and to 
Dr. I. G. Slater, at the time of these researches 
Secretary of the Admiralty Corrosion Committee, 
both of whom were responsible for major parts of the 
investigations described in this paper. In addition, 
Mr. K. A. Pyefinch, formerly the Sub-Committee’s 
anti-fouling investigator, has collaborated helpfully 
in several ways. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


The author also thanks the past and present mem- 
bers of his own staff who conducted the actual experi- 
mental work : Dr. T. A. Banfield, Mr. H. A. Holden, 
Dr. G. L. Wild, and Mr. G. P. Acock. 

Acknowledgment should also be made of the 
material assistance rendered by the following mem- 
bers of the iron and steel industry in preparing and 
presenting blank test specimens: Messrs. Bairds 
and Scottish Steel Ltd., Messrs. Colvilles Ltd., The 
Consett Iron Co., Ltd., Messrs. Dorman, Long and 
Co., Ltd., The Park Gate Iron and Steel Co., Ltd., 
and The United Steel Companies Ltd. (Appleby- 
Frodingham Iron and Steel Co., Ltd.). 

Acknowledgments are also due to the Admiralty, 
the Anglo-Saxon Petroleum Co., Ltd., the British 
Tanker Co., Ltd., the Furness Shipbuilding Co., Ltd., 
and Messrs. Smith’s Dock Co., Ltd., for provision of 
facilities for service trials. 


References 


1. Protective Coatings Sub-Committee : Journal of The 
Iron and Steel Institute, 1942, No. I, pp. 87pP— 
100P. 

2. F. Fancutr and J. C. Hupson: Ibid., 1946, vol. 
154, p. 279p. 

3. G. DEcHAUX: Peintures-Pigments-Vernis, 1942, vol. 
17, pp. 251, 732, 758. 

4. F. Fancutt and J. C. Hupson : Journal of The Iron 
and Steel Institute,, 1944, No. II, pp. 269P-338pP. 

5. First Report of the Marine Corrosion Sub-Com- 

mittee: Journal of The Iron and Steel Institute, 
1943, No. I, pp. 379P—390P. 

. Ibid., p. 357P. 

. F. Fancoutt and J. C. Hupson : Journal of The Iron 

and Sieel Institute, 1946, No. Il, pp. 273P—296P. 


“ac 





Andrew Carnegie Research Fund 


Research Grants and Travelling Scholarships 


Andrew Carnegie Research Grants and Travelling 
Scholarships are awarded to suitable applicants to 
enable them to conduct researches into the metallurgy 
of iron and steel. The amount of any one research 
grant will not normally exceed £250 in one year and the 
range is usually between £50 and £200. The value of the 
travelling scholarships will depend upon the circum- 
stances of each case, but will normally be of the order 
of £500, although smaller or substantially greater sums 
may be given. The scholarships will usually be tenable 
for one year and are intended to assist recipients to 
conduct researches within the Sterling Area. 


Conditions 


A condition of the awards is that candidates must 
be under 35 years of age. There is no restriction on 
sex or nationality. The results of the research are to 
be communicated to The Iron and Steel Institute in 
the form of a report for publication. An Andrew 
Carnegie Gold or Silver Medal may be awarded to the 
author of the report which, in the opinion of the Council, 
is the most meritorious of the year. 

Grants are normally paid in four quarterly instalments ; 
the first on award, the second and third on receipt of 
satisfactory brief progress reports, and the final instal- 
ment on receipt of the completed report. 

Application forms may be obtained from the Secretary. 


JULY, 1950 





Join 


E] 


Th 


Mr. 

I hay 
partic 
Iron | 
the st 
ll k\ 
be inf 
first-c] 
6-6 o1 
dust-ls 
Nowac 
not ar 
plants 
interfe: 
The. 
his rer 
but th 
associa 
station 
not pos 
ditions 
selectio 


JULY, | 


IRON AND STEELWORKS 
ENGINEERING 





Dae.) kh oN, AND. STEEL ENGINEERS GROUP 








GROUP 


THE IRON AND STEEL ENGINEERS 


REPORT OF THE ELEVENTH MEETING 


Ture ELEVENTH MEETING OF THE [RON AND STEEL ENGINEERS Group of The Iron 
and Steel Institute was held at 4 Grosvenor Gardens, London, S.W.1., on Wednesday, 14th 
December, 1949. Mr. W. F. Cartwricut (Steel Company of Wales, Ltd.), Chairman of 
the Group, presided. 

THE MorninG SEsSION was devoted to the presentation and joint discussion of the 
papers: “ Electric Generation and Distribution in Iron and Steel Works,” by T. Coxon 
(The Consett Iron Co., Ltd.), and “ Protective Devices for Electrical Systems in Steelworks,” 
by H. V. Benns and A. W. Tozer (British Thomson-Houston Co., Ltd.). It was followed 
by a buffet luncheon in the Library of the Institute. 

AT THE AFTERNOON SESSION, from 2 P.M. to 4 P.M., the authors of the papers presented 
at the Morning Session replied to the discussion, and a paper on “ The Layout of Integrated 
Iron and Steel Works,” by H. H. Mardon and J. S. Terrington (British Iron and Steel 


Research Association), was presented and discussed. An account of this was published 


in the May issue of the Journal, pp. 96-98. 


PROCEEDINGS AT THE MORNING SESSION : 10.30 a.m. to 1.00 p.m 


Joint Discussion on— 
ELECTRIC GENERATION AND DISTRIBUTION IN IRON AND STEEL WORKS* 
and PROTECTIVE DEVICES FOR ELECTRICAL SYSTEMS IN STEELWORKS+ 





The authors briefly introduced their papers. 

Mr. J. H. Butler (Stanton Iron Works Co., Ltd.) : 
I have read Mr. Coxon’s paper with great interest, 
particularly as I was Chief Engineer of the Consett 
Iron Company during the design and construction of 
the station. Mr. Coxon’s remarks, on the adoption of 
11 kV. for mill drives, etc., over 3000 h.p., should 
be influenced to some extent by the ability to provide 
first-class housing for the motors, since the selection of 
6-6 or 3-3 kV. would probably be a safer choice if a 
dust-laden atmosphere is likely to be encountered. 
Nowadays, particularly on a new plant, this point would 
not arise, but it is often encountered in older existing 
plants where adjacent buildings or overhead cranes 
interfere with the provision of suitable ventilating ducts. 

The scope of the paper has forced the author to confine 
his remarks on the steam side to a brief general reference, 
but this will serve to indicate some of the problems 
associated with the design of a large industrial power 
station and boiler plant. For various reasons it was 
not possible to consider at the outset a final set of con- 
ditions for the design of the plant, and the initial 
selection’and basic features, while catering for immediate 
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requirements, had to provide for that degree of flexibility 
which would cover all reasonable eventualities in the 
way of post-war works extensions. 

It was difficult to deal with this point satisfactorily, 
and to leave the final plant running as efficiently as one 
designed from the beginning for a clearly defined duty. 
The selection of boiler pressure, temperatures and boiler 
unit sizes was a compromise, since developments at 
the blast-furnace plant meant that the turbo-blowers 
had to be ordered about twelve months before the ulti- 
mate electrical loading was known. I do not entirely 
agree with the author’s inference that boiler and turbine 
plant capital costs were one of the major factors in 
determining pressure and temperature conditions. 

In a fully integrated iron and steel works such as the 
Consett plant, it is usually found that steam require- 
ments cannot be fully realized without resort to supple- 
mentary coal firing. This factor in itself would probably 
have weighed the balance in favour of higher pressures 





* Journal of The Iron and Steel Institute, 1950, vol. 
164, March, pp. 327-348. 

t Journal of The Iron and Steel Institute, 1949, vol. 
163, Nov., pp. 331-352. 
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and temperatures than those selected, but for various 
reasons it was considered that all aspects of the case 
could best be met at 400 lb./sq. in. and 750° F. 

At first, the installation of at least one comparatively 
small back-pressure turbo-alternator set, exhausting 
to the cogging mill engine, was considered. It appeared 
to present no serious difficulty to the turbine designers 
and, bearing this in mind, I suggest that anyone respon- 
sible for a similar power station, but with the ultimate 
electrical loading already clearly defined and always 
allowing a number of medium-sized alternators on the 
busbars, could well consider alternator turbines on 600 
lb./sq. in. at 800-850° F.. with pass-out to the blower 
turbines. It is not easy to ensure continuous supplies to 
the blower turbines at correct pressures and temperatures, 
particularly under week-end and holiday conditions, 
but it increases the advantages of 600 Ib./sq. in. and 
800-850° F. when smaller turbines, limited to lower 
pressures and temperatures, have also to be considered. 

The author appears to suggest that turbo-blowers will 
not run, satisfactorily in parallel, but I suggest that they 
will, and without trouble from the individual surging 
limits, on condition that the diversity of size and surplus 
machine capacity are not too great. I know of at least 
one blast-furnace plant in this country where this practice 
is in operation without trouble. 


Mr. J. L. Gaskell (Appleby-Frodingham Steel Co.) : 
By giving figures for 1947 for two sets I can add some- 
thing to the author’s reference to improved efficiency 
with higher steam pressures and temperatures. One set is 
a 3000-kW. turbo-alternator working at 150 lb./sq. in., 
which generated 10 million units for £50,000. The other 
is a 6250-kW. set working at 350.1b./sq. in. and 750° F., 
which generated 36 million units for £74,000. These 
figures show the advantage of the better steam conditions, 
because an increase in cost of 50% provides 3-6 times 
the number of units. The annual load factor was 38%, 
on the 3000-kW. set and 66% on the larger set, based on 
the full load capacities of the machines. It must be 
realized that if any gas, released by the use of more 
efficient generating plant, cannot be utilized elsewhere, 
the saving effected is purely a paper one. However, Mr. 
Butler has said that in many integrated plants it is not 
possible to work entirely without purchased solid fuel, so 
that any savings in this direction are real. 

Mr. Coxon is too pessimistic about millloads. On our 
main generating station we get a daily load factor of 
approximately 80%, based on peak load. This station 
has a considerable base load of fans, gas-cleaning plant, 
pumping, and general ironworks load ; the mill load is 
made up of a slab mill with a 7-ft. roughing stand and a 
7-ft. finishing stand. On our section mills the daily load 
factors—based on the half-hour maximum demand and 
not on the peak—vary considerably, between 60% and 
78%. Based on peak load, they would be a little lower. 
This is mainly section mill load; there is a relatively 
small amount of base load, made up of some ironworks, 
engineering workshops, and constructional department 
loads. 

In regard to the selection of switchgear, I do not believe 
that all the advantage lies with compound-insulated 
metalclad switchgear, and I suggest that cellular or 
cubicle gear with air-insulated busbars is very suitable 
for industrial applications. On this gear, busbars can be 
stiffened and individual circuits modified, and in the event 
of damage repairs can be effected with relatively few and 
inexpensive spares. It is desirable, however, to ensure in 
design that modifications, renewals, and repairs can be 
carried out without both busbars being dead. 

I am not aware that modern cellular or cubicle gear, 
when properly interlocked, is any less safe than modern 
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metalclad gear, and the fire and fault hazard is no greater. 
I agree, however, that the advantage is with the metal- 
clad gear in respect of space requirements. Dust 
exclusion and corrosion prevention should not be a 
problem in a properly designed switch-house. 

In regard to the coke-oven 11-kV. feeders, should these 
not have isolators at the coke-oven sub-station on the 
H.T. side of the transformers, in order to comply with the 
Electricity Regulations, particularly as the coke-oven 
sub-station is 1200 yards from the central power station? 

No reference has been made to distribution for lighting 
and the limitation of fault capacity on lighting systems ; 
I do not consider it good practice to connect lighting 
to circuits with a fault capacity of about 25 mVA., 
although I notice that Fig. 16 shows two 200-kVA. trans- 
formers for lighting, which will considerably limit the 
fault value. Mr. Coxon does not indicate whether this 
is the general practice. 

The paper by Benns and Tozer gives very considerable 
attention to A.C. protection, but little to D.C. protection, 
although there is a considerable amount of D.C. equip- 
ment in most iron and steel works, particularly in steel- 
works. My real problem on overload protection for 
motors relates to D.C. reversing motors for cranes 
and various mobile machines of that kind, and mill 
auxiliaries. Many of the oil dashpot time-lags that are 
available for this class of duty suffer a loss of oil every 
time they operate, with the consequent tendency for 
the electrician on the job to increase the current setting. 

I fully endorse the authors’ recommendation that 
makers of electrical equipment should maintain close 
touch with the performance of apparatus in service, 
so that designs may be constantly improved. Finally, 
the indication of, or protection against, incipient earth 
faults on D.C. systems is a point which could profitably 
be given very close attention. 


Mr. W. J. Pool (The British Thomson-Houston Co., 
Ltd.): Messrs. Benns and Tozer were able to propound 
their own problems and offer for them ideal solutions, 
which may therefore be assumed to have a measure of 
absolute validity. Mr. Coxon’s conclusions, on the other 
hand, were no doubt considerably modified by the 
initial conditions with which he was faced. It would add 
to the value of his paper if he would make it clear to 
what extent he would have acted differently if he had 
been planning an entirely new works. 

Mr. Coxon mentioned the modern practice of using 
local load centre rectifier sub-stations and so distributing 
the whole of the D.C. from a central station. With 230 
volts instead of 500 volts it would have been necessary, 
in spite of the lower efficiency of rectifiers at the lesser 
voltage, to utilize local sub-stations, rather than to 
distribute the D.C. over the radius of a mile. 

It would be interesting to know the extent to which 
existing conditions influenced the selection of 3-3 kV. 
for distribution. One would expect 11 kV. to be distribu- 
ted to the sub-stations from busbars in the power station, 
separated from the generator busbars by reactors instead 
of by transformers. Also, to what extent did existing 
conditions influence the choice of 100-mVA. rupturing 
capacity for this 3-3-kV. gear ? This low short-circuit 
capacity is only attained at the expense of operating 
duplicate feeders and opening ring mains ; presumably 
these conditions must be maintained, during switching 
operations, by oral instructions, since positive inter- 
locking would be impracticable. 

Mr. Coxon has based the selection of cables on short- 
circuit conditions. Is this now the accepted practice 
for steelworks distribution systems ? Previous considera- 
tions indicated that, although the principles involved 
were reasonably clear, information on the allowable 
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temperature rise was vague. On the one hand, paper- 
insulated cable would withstand 300° C. (further tests 
gave 250°C.) for short periods without charring. On 
the other hand, the short-circuit ratings published by 
the Cable Makers Association are based on a final tem- 
perature of 120°C. Mr. Coxon chose a figure of 130° C., 
but his examples indicate that 150-160°C. might 
(theoretically) be reached. It is not the cable itself but 
the joints which are the limiting factor. 

Two aspects of this matter need further consideration. 
Firstly, many tests have been made to determine the 
limiting short-time temperature for the cables them- 
selves, but little attention, apparently, has been paid 
to the joints ; as these are the limiting factor, new types 
of joint must be developed, to withstand higher tempera- 
tures. Secondly, although there are rules for determining 
sizes of cables selected for continuous load conditions, 
the only data on which rules for cables for short-circuit 
conditions (which involve a much greater capital outlay 
and hence merit much greater accuracy in the choice 
of sizes) could be based are meagre and contradictory. 
I suggest that there is room here for useful activity on 
the part of some standardizing body. 

Mr. T. B. Rolls (McLellan and Partners) : Mr. Coxon 
indicates that the generating station will be operating 
in parallel with the grid. When the load swings from 
the rolling mills join the system, these loads will 
be shared between the generating station and the grid, 
approximately in proportion to the amount of generating 
plant running on each system ; this means that the grid 
takes most of the swing. The transformers linking the 
system to the grid seem small—three 1600-kVA. trans- 
formers. Perhaps Mr. Coxon would explain how the 
generators will be governed to prevent undue load 
swings through these small transformers. 

In the paper by Benns and Tozer, it seems doubtful 
whether Buchholz protection will always operate against 
an open circuit in a transformer. Also, it is not clear 
whether restricted earth leakage and frame leakage 
are recommended, in addition to overall balance pro- 
tection on transformers; I think these leakages are 
intended to be optional. 

The manufacturers put forward effective schemes 
for busbar protection; these are excellent for central 
station work, but should be avoided, if possible, in steel- 
works where saving in equipment is required.* 

Mr. L. Rothera (Colvilles Ltd.) : From the point of view 
of steelworks, the temperature and pressure chosen for the 
15,000-kW. turbines are about right. Mr. Coxon indicates 
a better efficiency for the pass-out turbine, owing to 
the pass-out steam; this is rather misleading, because 
with a straight turbine 15,000 kW. will be generated, 
using 150,000 lb. of steam, whereas to produce 15,000 kW. 
with the pass-out turbine, 217,0001b. is needed. By using 
pass-out steam the necessity for another boiler range 
to produce the required low-pressure steam is avoided. 

How many turbines is Mr. Coxon proposing to run ? 
Apparently one 15,000-kW. set, added to the power 
from the B.E.A., will fulfil his power requirements ; 
if so, the quantity of steam drawn for the engines will 
be a very considerable proportion of the total, and this 
sudden draw of approximately 50,000 lb. of steam might 
introduce difficulties in governing. Perhaps this is being 
met by introducing some sort of steam accumulator 
between the turbine and the engines to balance out 





* With the aid of a slide, Mr. Rolls also described 
some practical instances in which the application of 
busbar protection would have been very complicated, 
and where reasonable protection to the busbars was 
obtained by the use of time-graded back-up earth leakage 
involving no delays longer than one second. 
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the intermittent draw; I should be interested to hear 
whether this is so. 

I agree with Mr. Gaskell that the diversity factor 
conditions of a steelworks are such that it would be 
unnecessary to put all four turbine sets on to the same 
set of busbars. It would be better to have two entirely 
separate systems which could be interlinked in case 
of emergency, but which would generally run indepen- 
dently. There would be a reasonable levelling on the 
two systems, and the severity of the fault conditions 
would be considerably eased. 

[I also agree with Mr. Butler that compound-filled 
gear is messy; we have found air-insulated busbars 
quite satisfactory up to 150 mVA. 

Perhaps Mr. Coxon would explain why, in the dupli- 
cate busbar system, one of the busbars is continuous and 
the other is sectionalized, and the advantage of the com- 
plete bar over the sectionalized bar. 

It is not always possible to arrange the starting gear 
together, away from the motors, and it must be borne 
in mind that lengthy control wires from the motors 
may give trouble. 

In the second paper, I agree that H.R.C. fuses give 
the best discrimination but do not think they should 
be used, except on motors under a steady known load. 
For a drive in which a stall is inevitable sooner or 
later, the financial aspect is so serious that an ordinary 
rewirable fuse is used. The H.R.C. fuse is particularly 
useful for general back-up protection. 

Mr. J. Russell Taylor (Igranic Electric Co., Ltd.) : 
Are the motor characteristics shown in the paper by 
Messrs. Benns and Tozer representative of the general 
run of motors, and can the authors give any information 
on the extent of the variations ? I speak from the point 
of view of the designer of overload relays mounted on 
control gear, which are supposed to simulate the heating 
of a motor. For many years I have thought that the 
correct place for an overload relay is somewhere inside 
the motor, preferably in a place provided by the motor 
manufacturer, who can then be held responsible for 
burn-outs. 

I agree with Mr. Benns that, with certain types of 
thermal overload relay, ambient temperature compen- 
sators are essential if the overload relay is not to trip. 

The equipment should generally, of course, be used 
as it is intended to be used. It is not advisable for an 
overload relay plunger to be left on the ground under- 
neath the equipment because one day there was a stiff 
bearing on one of the machines, and the only way to 
make it go round was to remove the overload plunger ! 
I have found this on several occasions, and it does not 
help the machine, the motor, or the control gear. 


Mr. L. N. Bramley (B.I.S.R.A.): I wish to support 
Mr. Russell Taylor in his statement that the overload 
relay should be on the motor. Although Mr. Benns 
is quite right in saying that protection should be matched 
to the motor, it should not be carried too far. If repeated 
overloads are imposed, it is probable that the temperature 
of the motor will rise above its allowable value. 

A protective device, based on thermal integration, 
which would switch the motor off when it reached a 
dangerous temperature, irrespective of the motor loading, 
would overcome this difficulty. Several tentative efforts 
have been made to produce such a device, which must 
be more than a thermal relay, but the production stage 
has not yet been reached. 

Mr. F. L. Parkin (Steel, Peech and Tozer, Ltd. ): 
I wish to confine my remarks to the paper on protective 
gear. In the works with which I am associated, we are 
developing our A.C. system and tending to put our new 
drives on 400 volts A.C., where possible, and are even 
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converting many of our old drives from D.C. to A.C, 
now that A.C. supplies are more available. 

H.R.C. fuses are used for al] our A.C. protection except 
on the very small sizes, where we are content with re- 
wirable fuses. With D.C. protection, however, we use 
rewirable fuses throughout. Our replacement costs on 
broken fuse carriers are very great: for this reason we 
dislike porcelain fuse carriers, and whenever possible 
are buying the black moulded type, or any form of 
indestructible fuse carrier. Very few makers, however, 
produce this type of carrier: manufacturers might give 
more thought to the development of a moulded carrier 
‘as standard. 

The distinction between overcurrent and overload 
protection is a good one, and should be adopted univer- 
sally ; at the moment manufacturers refer to either, 
and there is no uniformity. 

It can be inferred from the motor heating tests that 
single-phase protection is not very important, as 
the motor does not get excessively hot. On the other 
hand, if a fuse goes and a motor runs on single phase, 
it should be shut down until the fault is repaired ; 
this is particularly important with small A.C. drives, 
such as fans or pumps. The ordinary overloads fitted to 
a starter will give protection against single-phasing, if the 
motor is fairly well loaded, but some means of avoiding 
numerous burn-outs on small motor drives is necessary. 
As far as I know, there is only one single-phase protector 
on the market, working with individual bimetal strips ; 
perhaps the manufacturers can devise some simple 
single-phase preventor for all small motors. 

For what particular applications would the authors 
recommend the solderpot type of overload relay ? They 
are said to be particularly suitable for motors starting 
up under heavy load, but more information on this 
point is needed, and also the speed at which these solder- 
pot overloads operate in comparison with, say, bimetal 
strips, or with relay. 

I was interested in the remarks about anode protection 
by fuses. It seems that the usual practice is to use 
anode fuses for glass bulb rectifiers, and quick-acting 
relays on the H.T. side for steel tank rectifiers. Anode 
fuse protection is probably a little more expensive ; 
on the other hand we want the best protection possible, 
and if anode fuses are the best solution for glass bulb 
rectifiers there is no reason why we should not use them 
as standard practice for steel tank rectifiers. The only 
point yet to be proved is whether, with anode fuse 
protection and in the event of back-fire when one set 
of fuses blows, the A.C. trips on the incoming side will 
operate also, or whether the remaining rectifiers will 
continue in operation, load conditions being suitable. 
It is much better for the cubicles to remain in service 
so that there is no serious interruption of supply. 


Mr. J. H. Groocock (Steel Company of Wales, Ltd.) : 
Mr. Coxon has rightly emphasized the importance of 
100% availability, and in the works sub-station, for 
instance, he has duplicate feeders and duplicate trans- 
formers. In the ore-handling sub-station, however, 
there is apparently one 1000-kVA. transformer only, 
on the medium distribution, although there are duplicate 
feeders. One would expect duplicate transformers here. 

I would like to know what experience the author has 
had of the use of paper-insulated aluminium-covered 
cable in steelworks distribution. This cable has various 
advantages: it need not be armoured; if it must be 
racked, it does not need support at such frequent intervals 
as lead-covered cable; and the satisfactory develop- 
ment of a technique of wiping joints on aluminium- 
covered cable makes it very suitable for general use. 

Messrs. Benns and Tozer state that the solenoid type 
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of relay is too easily adjustable, which is probably correct. 
On the other hand, they state also that the thermal 
overcurrent relay of the bimetal strip type is open to 
abuse, because the strips can be bent and the relay 
rendered inoperative, even possibly destroyed. This 
is a very important point indeed. My experience 
generally with thermal relays has been most unhappy, 
and I would favour the use of solenoid-type overcurrent 
relays, until something more substantial is developed. 

Mr. E. H. B. Martin (British Thomson-Houston Co., 
Ltd.): With reference to Mr. Russell Taylor’s query 
concerning motor characteristics, I would say that these 
were taken from absolutely standard protected-type 
1500-r.p.m. motors. 

Both Mr. Russell Taylor and Dr. Bramley referred to 
the provision of motor protection inside the motor frame. 
Large machines—some D.C.—have been built, in which 
the protection against over-heating was provided by 
thermostats fastened on the compensator winding, and 
inbuilt thermal protection has been provided on fractional 
h.p. motors. About 40° of all fractional h.p. motors 
in the U.S.A. have inbuilt thermal protection, but there 
was comparatively slow progress in providing this for 
3-phase machines, especially for the larger sizes, because 
of the amount of experimental work necessary to deter- 
mine the exact characteristics required, and the exact 
positioning of such devices. For many years, therefore, 
we must be content to put our motor protection in a 
starter some distance away from the motor. 

This, of course, raises the question of ambient correc- 
tion, 7.e., the modification of the thermal relay so that 
its tripping time is unaffected by changes in ambient 
temperature ; here, a great deal depends on the conditions. 
I visited a boiler-house, early in the war, which had 
been hurriedly blacked out in such a way that ventilation 
had been cut off; in places the ambient temperature 
had risen to 170° F., which had naturally tripped off 
the starters. The fact that the starters were not compen- 
sated for ambient probably saved some very serious 
burn-outs. There may be some instances where the 
motor is in such a different ambient temperature from 
the starter that ambient correction may be desirable, 
but even then it should be remembered that the ambient 
temperatures tend to increase or decrease together ; 
that is, the starter may always be, say, 10° C. or 20° C. 
hotter than the motor. But for both starter and motor 
the ambient temperature probably rises in summer and 
falls in winter, so that if, by means of a setting, some 
sort of correction is made for the difference in ambient 
temperature between the two, better protection will be 
afforded by the one without ambient correction. 

Repeated starts are another difficulty. If the thermal 
relay has exactly the same thermal characteristics as 
the motor, this is automatically taken care of; but a 
thermal relay having a time constant comparable with 
the motor is extremely unpopular with the man who, 
having tripped his relay, wants to reset and finish the 
job quickly. I have heard strong criticisms of resetting 
times which I have known were short in comparison with 
the cooling-down times of the motor. 

I could not understand why, if the motors are not over- 
heated, it is considered undesirable for them to run on 
single phase. Continuity of service is often most import- 
ant, and, for successful protection, the motor should 
not be shut down until really necessary. 

Interesting results are obtained when testing motors, 
not fully loaded, on single phase. As the load on the 
motor decreases, the temperature rise of the windings 
tends to even out over the machine, the cool windings 
tending to cool down the hot windings. Some time ago 
we were testing a motor running on single phase, taking 
75% full load curent, and found that at one load the 
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motor ran slightly cooler than it did in the 3-phase 
condition. It was a totally unexpected result, but I 
have since observed that under single-phasing conditions 
the motor is hottest when it stalls. 

I agree with Mr. Groocock’s remarks about the abuse 
of thermal relays, and suggest it would be an advantage 
to supply such relays completely sealed up, to avoid 
any possibility of interference. 

Mr. W. P. C. Ungoed (Steel Company of Wales, Ltd.) : 
Mr. Coxon’s choice of a working pressure of 400 lb./ 
sq. in. for the combined generating and blowing station 
seems to be lower than the usual figure. He argues that 
600 lb./sq. in. was only standardized by the Central 
Electricity Board in 1939, but it is also true that 400 Ib., 
sq. in. was standardized in 1932. Ten years should be 
quite sufficient for industrial generation to lag behind 
central generation. 

The author stated that a gain of 5-3% in efficiency 
could be obtained by an extra expenditure of 10% 
of the plant capital cost, in stepping up the working 
pressure to 600 lb./sq. in. It would be interesting to 
know in how many years, even with no further increase 
in fuel costs, this extra capital charge would be paid 
for, assuming a reasonable load factor for the combined 
station. In the smaller turbines, steam leakage at the 
blade tips in the H.P. stages becomes a problem at 
higher pressures, but it is quite usual to increase the 
steam flow in these stages and minimize this leakage 
by using either pass-out or back-pressure turbines. 

Mr. Coxon stresses the great importance of reliability, 
particularly with regard to the turbo-blowers, but makes 
no attempt to eliminate or reduce the cause of the 
largest number of outages in turbine plant, that is, the 
condenser. The installation of divided water boxes 
on the condensers without any other alteration to the 
steam side would, at least at half load, have allowed 
tube cleaning or tube plugging to be carried out. 
These are very important, as the circulating water will 
be cooled by cooling towers. The treatment of this water 
by caustic soda, tannin phosphate and chlorine may 
be sufficient, but the release of carbon dioxide in the 
tower makes it very difficult to avoid after-deposition 
of calcium carbonate in the condenser tubes. 

My final point concerns the pressurizing of the power 
station ; this is a new practice, and one I have not seen 
before. I would like to ask the author what the dust 
conditions are outside the power station, and what 
standard of cleanliness is obtained inside. Are the viscous 
filters really effective; are there any objectionable 
draughts, bearing in mind the large volume of air 
involved ; and is the ventilation adequate throughout 
the building ? 

Mr. A. W. Tozer (British Thomson-Houston Co., 
Ltd.): Mr. Coxon has dealt very adequately with the 
short-circuit calculations of symmetrical 3-phase faults, 
but it is often necessary to calculate for other types of 
fault, i.e. phase-to-phase or phase-to-earth. I reeommend, 
therefore, that steelworks engineers should study the 
method of symmetrical component analysis, which is 
exceedingly useful and the only reasonable way by which 
the more complicated fault currents can be calculated. 

If a large number of studies have to be made on the 
same system it is sometimes worth while making a 
D.C. model of the system with variable resistances 
to represent the reactance of cables, transformers, or 
alternators. With such a model, the effect on the value of 
the fault current of introducing reactors or transformers 
at various points on the system can be easily appreciated, 
and the magnitude of fault current in the various feeders 
can be measured by inserting an ammeter in the appro- 
priate branch of the model network. 

I agree with the two speakers who made a plea for 
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cellular-type switchgear, but am also sympathetic 
towards the metalclad switchgear exponents. Mr. 
Coxon stated that horizontal-drawout metalclad-com- 
pound insulated gear is most suited to steelworks require- 
ments, but I suggest that, if metalclad gear is preferred, 
the vertical plugging type is worth considering. At 
ratings up to and including 350 mVA. at 6-6 or 11 kV., 
&@ very compact design is available which has several 
advantages over a similarly rated horizontal plugged 
unit. Firstly, it has an incorporated lifting carriage, 
occupies less floor space and has a cleaner appearance 
than pedestal-type gear. Secondly, it lends itself very 
readily to a double busbar arrangement with off-load 
busbar selection. 

It would be interesting to know why, in the Consett 
system, the low-voltage transformers have three different 
voltage ratings, 440, 500, and 550 volts. 

With regard to cable ratings, Mr. Coxon suggests that 
modern protective gear operates in 0-5 to 1-5 seconds. 
These figures are approximately correct for standby 
overcurrent protection with modern relays, but for high- 
speed balanced protection the operating times are of the 
order of 0-1 to 0-2 seconds. Although I agree that cable 
ratings must be based on the operating times of the stand- 
by protection, if balanced protection is employed maxi- 
mum advantage can be taken of the various reduction 
factors given in the paper, since it is unlikely that the 
cables will ever have to withstand fault currents for the 
longer times. 

AUTHORS’ REPLIES 

Mr. A. W. Tozer said in reply: We agree with Mr. 
Rolls that Buchholz will not always provide protection 
against an open-circuited transformer winding. Usually, 
however, such a fault would be accompanied by arcing, 
and the use of Buchholz protection can be justified on 
these grounds. The text of the paper should make it 
clear that a choice must be made in applying the recom- 
mended protection to any given transformer. 

We agree that busbar protection for the power system 
described by Mr. Rolls cannot be justified, since there 
are no sectionalizing arrangements of the main busbars. 

Mr. H. V. Benns (British Thomson-Houston Co., 
Ltd.), said in reply: We agree with Mr. Gaskell that 
there is only a brief reference to the protection of D.C. 
machines in the paper; the machine data for D.C. 
machines, which we have acquired for A.C. machines, 
is not available. This is a subject which requires further 
investigation, if similar protection is to be applied to 
mill auxiliaries and cranes. 

Mr. Gaskell agrees with our suggestion in the paper 
that close co-operation is necessary between users and 
designers. Mr. Russell Taylor also pointed out that it 
is sometimes very difficult for control gear manufacturers 
to obtain precise information on failures, on which the 
diagnosis of the trouble often depends. 

Mr. Rothera stated that H.R.C. fuses are very expen- 
sive, and rewirable ones were used. The rupturing 
capacity of a rewirable fuse is limited, and many troubles 
which might be anticipated on contactors and fuses 
do not occur because the cable and wiring limit the 
currents to reasonable values. 

Mr. Parkin referred to the use of rewirable fuses on 
D.C., and pointed out that there is a preference for 
moulded fuse carriers. This may be so, but an objection 
to the use of moulded carriers is that they get burned 
so easily, and tracking results. 

Mr. Parkin’s reference to single-phase protection, 
and to the fact that apparently motors on single phase 
do not get as hot as was expected, is correct. Also, 
the ‘solderpot’ type of overload relay generally has 
a faster tripping time. 
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Mr. Groocock referred to the differences between the 
solenoid-type motor relay and the thermal type; we 
have stated in the paper that the solenoid type is more 
easily adjustable. Mr. Russell Taylor mentioned in- 
stances where overload relay plungers had been removed, 
because of a stiff bearing on the machine. The thermal 
relay, when in the same difficulty, is generally already 
set at the top setting, and when it is desired to make 
the setting at an even higher value, to keep the machine 
running, the only remedy is to bend something. 


Mr. T. Coxon (Consett Iron Co., Ltd.) said in reply : 
Mr. Butler’s comments are most helpful; in many 
ways he confirms the figures and contentions put forward 
in the paper. With regard to his comment about 11-kV. 
gear in motor-houses and on drives of 3000 h.p. and 
upwards, this point is dealt with under the heading of 
‘“* Ventilation of the Turbine Room,” where it is taken as 
axiomatic that new steel plants would have all motor 
houses pressurized. The pressurizing of a building 
presents no difficulties ; it has been done now for many 
years, and today no mill equipment would be installed 
in a house which was not air-conditioned and pressurized. 

At Consett, where the 3-3-kV. demand for the existing 
mills represents only a part of the whole demand, and 
with the 3-3-kV. distribution system extant, there is 
no question of introducing 11-kV. equipment into non- 
pressurized motor-houses. The problem of pressurizing 
buildings built 20-30 years ago and containing Ilgner 
sets, main drive motors, etc., has been tackled successfully 
here. An air-cleaning system was, of course, necessary. 

There are two main systems of ventilating a motor- 
house or similar building. One is the closed re-circulating 
system where only the make-up air is to be cleaned, 
and where it is permissible, because of the small amount 
of air being dealt with, to instal the electrostatic precipi- 
tator type of cleaner, which, combined with a wet- 
type filter to extract carbon dust, is the most efficient. 
The only disadvantage of this closed re-circulating 
system is the large quantity of cooling water required ; 
also it is desirable to have a separate ventilating and 
filtering plant to pressurize the building. In the other 
system, all the cooling air is taken through a cleaner, 
through the machines, and expelled from the building. 
There is no cooling, but a very large filter is required. 

The reason why back-pressure-type turbines were 
not considered suitable for the blowers was given in 
the paper. When the new billet mill goes into operation 
and the old steam-driven section mills are closed down, 
medium-pressure steam will be required only for the 
coke ovens, for steam shears in the mills, and for parts 
of the blast-furnaces. 

The connection of turbo-blowers in parallel is a point 
which has not been considered in this paper. I refer 
to the interconnection of blower stations in a manner 
similar to that adopted for Electric Power Stations, 
thus reducing the standby plant at each station yet 
giving a greater degree of flexibility. 

While stations and/or sub-stations can easily be 
linked together by cables, the coupling of blower stations 
by large air pipes would hardly be an economic or 
practicable proposition. In the Consett station we have 
an, interesting control scheme whereby any of the three 
furnaces can be operated from any of the three turbo- 
blowers. A change-over master controller is arranged 
so that, when No. 1 blast-furnace is taking blast from No. 2 
blower, and the master switch is set ‘‘ No. 1 blast-furnace 
to No. 2 blower,” all the instruments concerned with 
the operation of the blast-furnace, the signalling system, 
and the telephones, are connected. When a blast-furnace 
operator gives a signal for “blast off,” ‘‘ blast on,” 
or for an increased volume of air, he speaks directly 
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to the attendant on the particular blower serving that 
furnace. This eliminates the possibility of operation on 
a blower working with or connected to another furnace. 

I was very interested in Mr. Gaskell’s comments on 
steam pressures and temperatures, which more or less 
confirmed the figures given in the paper. With reference 
to his comments on mill load, his figure of 80% load 
factor for his plant compares very closely with the load 
factor of the old Consett plant. In my comments on the 
diversity of mills and load factors, I was thinking in 
terms of the new mills, with a continuous-type billet 
mill in operation ; we had also in mind at the time a 
continuous strip mill. 

The question of compound-filled switchgear versus the 
cellular or cubicle type can be decided only on the merits 
of individual instances, but I think that there is less 
possibility of trouble with the compound-filled gear. 
Although all precautions may be taken on cellular or 
cubicle gear, there is a possibility of vermin getting into 
the busbar chamber ; this has happened many times in 
in the past, and has closed down major stations. To 
summarize the operational advantages of compound- 
filled gear over air-insulated gear, I would say that the 
stresses in compound-filled gear are predictable and 
that conditions throughout the life of the gear are stable : 
on the other hand, considerable changes in air condition, 
such as drop in dew point, can, with dirty and even 
dusty insulators, cause serious trouble. 

With regard to greater safety to personnel, the annual 
reports by the Factory Inspector on electrical accidents 
show that, however interlocked the cellular or cubicle 
gear, accidents and fatalities occur; these are caused 
by the apparently determined efforts of workmen and 
even authorized staff to electrocute themselves by 
removing sections of the fixed casing, or by opening 
wrong doors, with master keys. On compound-filled 
gear, however, it is practically impossible to expose ‘live 
gear ’ accidentally. 

At Consett, where 500-mVA. gear has been installed, 
full provision has been made for an ultimate connected 
fault capacity of 750 mVA., with 500-mVA. switches, 
to be handled, and the question of busbar strengthening 
does not arise. During the annual shut-down the bus- 
bars of a 3-3-kV. section of the existing plant were 
strengthened for 100-mVA. gear; the manufacturer 
had assigned a rating of 15 mVA. to the now redundant 
switchgear. 

Mr. Gaskell raised a question about isolators at the 
coke-oven sub-station. This arrangement of having the 
H.T. side of the transformer directly coupled through 
a cable to the station is not new, and is standard practice 
in the B.E.A.; considerable attention was given to this 
point five years ago. 

The arrangement of a completely closed system 
(e.g., an outdoor-type transformer complete with sealed 
trifurcating cable boxes, primary and secondary, and 
with oil conservator) where, under normal conditions, 
no inspection of ‘live’ parts is required, seems to be 
no different from a straight-through joint box. Full 
provision is made at both ends of the circuit for inter- 
tripping, isolating, and earthing. 

There are separate units for lighting at Consett, 
sometimes more than one in the individual sections of 
the plant. Most of the new light installations are 110 volt, 
which gives increased life of lamps and higher efficiency. 
Also, it stops the purloining of lamps, which is always a 
problem with a 250-volt system. H.R.C. fuses are used 
on the main distribution board, and rewirable fuses 
where permissible on the sub-boards. 

Mr. Pool asks to what extent the Consett system 
would have been different had we started with a green 
site. Except for the large bulk of 3-3-kV. plant, from 
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the existing unit, it would have been substantially the 
same. It would have been possible, of course, to have 
a better layout of feeders, but there would have been no 
difference in the 11-kV. system. We would have had 
more 11-kV. sub-stations, with reactors incorporated 
in @ manner similar to those in the melting-shop sub- 
station, but on any steel plant there is certain to be 
a large section of load suitable only for direct coupling 
to 3-3-kV. pump motors, exciter sets, and motors from 
200-300 h.p. up to about 2000 h.p. 

The breaking capacity of the 3-3-kV. gear was con- 
ditioned, as Mr. Pool thought, by the present switch- 
gear, of which there is a considerable amount. The only 
other breaking capacity which could have been considered 
an economical proposition was 150 mVA.; with the 
amount of 3.3-kV. load to be handled, however, we 
would still have had to run the 3-3-kV. system in 
two sections instead of three, and therefore, as far as 
control at the central power station was concerned, the 
problem would have been the same. As it is, the engineer 
in the control room at the power station supervises 
admittedly by telephone—all trunk feeder operations. 

Mr. Pool mentioned the transmission of D.C. for over 
one mile. In fact the maximum distance of transmission 
of D.C. on the existing system is 800 yards, and this is 
to the melting-shop, which is being changed over to a 
rectifier sub-station. 

With reference to cable rating, I agree with Mr. Pool 
regarding the low-temperature limit of 120°C. taken 
by the Cable Makers Association. The fact that I have 
taken 130° C. and sometimes 150° C. is, in my opinion, 
permissible because the actual heating of the cable 
is considered during fault conditions, and because the 
decrement curves given for the system at Consett have 
been calculated on the values of current obtainable at 
the alternator terminals at 0-02 power factor ; no account 
is taken of the inter-connecting cables between the alter- 
nator and oil circuit-breaker and busbars. Whatever 
faults one may get on the system, the power factor 
will be much higher than 0-02, and thus the current will 
be much less than that given by the curves ; there is, 
therefore, an additional safety factor. Cable sizes such 
as a minimum of 0-4 sq. in. for 11 kV. are indicated, 
but one would not usually put in a 0-4-sq. in. cable ; 
a compromise between 0-2 and 0-35 sq. in. would be 
made. The increased temperature (130° C.) has been 
taken with a fuller knowledge of actual conditions. 

Mr. Rolls mentioned the connection with the B.E.A. 
At Consett, where the connection between the Company’s 
system and the B.E.A. is only of the order of 5000 kVA., 
there would be considerable overloading of the B.E.A. 
connection if the Consett machines were on the bars 
and all the mills were rolling. The sharing of the load is, 


as Mr. Rolls points out, a function of the capacity of 


the respective systems. It is possible, however, to limit 
the load by control of the turbine governor, and in 
America @ system is in operation in which loads can be 
handled at a rate of rise of 5000 kW./sec. At Consett, 
where we had considered the operation of a continuous 
strip mill, with a maximum demand of 40 mW. on a 
base load of 25-30 mW., it had never been intended to 
run in parallel with the B.E.A. The B.E.A. would have 
been connected to certain vital units as a continuous 
load, and isolated from the rest of the system. 

Mr. Rothera raised the question of the improvement 
in efficiency by using pass-out turbines. The comparison 
between operating a straight condensing 15-mW. set 
and a 15-mW. pass-out set is given in the orthodox 
manner ; when considered as a comparison of overall effi- 
ciency on the station, there is a definite saving. Without 
a pass-out turbine more boiler capacity would be required, 
and possibly it would pay to have two systems. Since 
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we have just eliminated the old system at Consett, 
it would hardly be a good policy to have, in the new 
station, one battery of boilers operating at 400 Ib./sq. in. 
and another at about 160 Ib./sq. in. 

In answer to Mr. Rothera’s question on connect- 
ing all 15-mW. sets to the busbars, we had designed the 
station for the possibility of running a continuous strip 
mill with a 40-mW. maximum demand. For conditions 
other than this, the station will most probably be operated 
in two separate sections. 

With three sections on the bottom busbar and with 
bus couplers on the two outer sections, an arrangement 
is obtained which gives the maximum availability. 
The top bar is intended to be a ‘ hospital’ bar, and bus 
couplers give all the advantages of a sectionalized board 
and a ring main board. 

Wherever possible paper-insulated lead-covered single- 
wire armoured cables are used, this type of cable giving 
almost 100% availability ; it is also one of the most 
reliable classes of electrical apparatus in use. 

The conditions for cleaning out the cooling tower, 
though not good, are acceptable. The division of the cool 
ing towers was conditioned largely by the various stages 
of reconstruction. 

The schematic diagram to which Mr. Groocock refers 
is really meant to represent the H.T. system ; in fact, 


between the ore-handling sub-station and the _ gas- 
cleaning plant sub-station there is a medium pressure 


interconnector. Consideration was given in the early 
days to duplicating the 1000-kVA. transformer in the 
ore-handling sub-station, but because of site conditions 
and loading it was decided to establish a completely 
new sub-station, quite close but at a different ground 
level, for the gas-cleaning plant. 

I can give no useful information on the aluminium 
covered cable : we have only a small length in commission. 
One of the limitations of aluminium cable today is, 
I believe, that it can be produced only in comparatively 
short lengths ; it lends itself to routing in mill buildings 
and roofs, where it is difficult to run armoured paper cable. 

With reference to Mr. Ungoed’s comments, the split 
condenser was not put in, for economic reasons. Full 
schemes were produced for 250 Ib., 400 Ib., and 600 Ib. 
sq. in. boiler pressures respectively. at the appropriate 
temperatures. At that time, as Mr. Butler pointed out, 
certain conditions existed which are not present to-day, 
and the 400 lb./sq. in. boiler pressure was found to be the 
most economical. 

The pressurizing of the power station 
departure, as I have already said in reply to Mr. Butler, 
but will be more difficult because of various outlets 
by way of circulating water pipes and cables. The 
building ventilating plant not yet installed, so I 
can give no figures and make no statement on the effect- 
iveness of the scheme. Although the quantity of air 
being handled is 160,000 cu. ft./min., the velocity at 
the outlet, which is conditioned by the pressure in 
the building—about 0-1 in.—is approximately 
1000 to 1500 ft./min. This is not sufficient to cause 
any inconvenience, since the outlets will be in the roof 
or down in the basement. In the pressurized motor- 
houses throughout the country there seems to be no 
evidence of inconvenience in the rooms from the large 
volumes of air moving through. Usually all entrances 
are arranged as air locks, which makes it comparatively 
simple to enter or leave the building. 

In reply to Mr. Tozer, the apparent use of three volt- 
ages, 440-500-550, has arisen from a typographical 
error; there are, in fact, only two voltages, namely 
440 and 500. 500 volts is used for medium-pressure 
requirements and 440 volts was previously installed for 
the main lighting services. 
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ANNOUNCEMENTS AND NEWS OF SCIENCE AND INDUSTRY 








THE IRON AND STEEL INSTITUTE 
Special Meeting in Glasgow, 1950 


The Council have accepted an invitation of the West 
of Scotland Iron and Steel Institute to hold a Special 
Meeting in Glasgow from Tuesday 12th, to Friday, 15th 
September, 1950. 

The Lord Provost of the City of Glasgow has agreed 
to be Patron. Reception, and Ladies Committees have 
been formed, the Chairmen being Sir Andrew McCance, 
Mr. W. Barr (President of the West of Scotland Iron 
and Steel Institute), and Lady McCance. Mr. P. W. 
Thomas, Secretary of the West of Scotland Iron and 
Steel Institute, has consented to be Honorary Secretary, 
and Mr. R. A. Hillis (Colvilles Ltd.) is kindly helping 
with the arrangements in Glasgow. 

A detailed programme has been circulated and further 
particulars of the meeting will be given in a later issue 
of the Journal. 


Recommendations to Authors 


Authors who intend to submit papers for publication 
in the Journal are reminded that space is severely limited. 
Delay in publication can be avoided only by publishing 
more papers of shorter length. 

A style of writing which is concise and yet clear in 
expression will be read with greater ease and under- 
standing than one that is verbose and vague. In particu- 
lar, the repetition of data in tables, figures, and text 
should be avoided. 

Wherever possible the Editor will shorten a lengthy 
paper, but it is obviously in the interest of the author 
that he should consider any possible condensation before 
submitting his manuscript. 

Attention is drawn to the ‘General Notes on the 
Preparation of Scientific Papers,” recently published 
for the Royal Society by the Cambridge University 
Press (Price 2s. 6d.). 


NEWS OF MEMBERS 


Birthday Honours 

> Mr. A. J. Boyp, Chairman of the Railway Carriage 
and Wagon Builders Association, has been made a 
Knight Batchelor. 

> Mr. G. I. Ruston, Director and General Works 
Manager of Messrs. Whitehead’s Iron and Steel Co., 
Newport, has received the O.B.E. 

> Mr. S. 8. Somers, Chairman of Messrs. Walter Somers, 
Ltd., has received the O.B.E. 


> Mr. G. R. Botsover has been appointed Consulting 
Metallurgist to Messrs. Samuel Fox and Co., Ltd. 
He relinquishes his executive duties but remains a 
Director to the Company. 

> Mr. Donatp L. CAMPBELL has been appointed Joint 
Sales Manager, with Mr. J. E. Gamage, for The Electric 
Furnace Co., Ltd. 

> Dr. Maurice Cook, of the Metals Division, Imperial 


Chemical Industries, Ltd., has been awarded the Hon- 
orary Associateship of the Birmingham Central Tech- 
nical College. 

> Sir W. T. Grirrirus, Vice-President of the Inter- 
national Nickel Company of Canada, Ltd., has been 
re-elected a Director of the Company. 

> Dr. R. HARGREAVES has left the Aero Piston Ring Co., 
Ltd. to take up an appointment as Chief Metallurgist 
at the Tiltman Langley Laboratories, Ltd., Redhill, 
Surrey. 

> Mr. S. R. Howes, formerly General Works Manager 
of Messrs. Samuel Fox and Co., Ltd., Stocksbridge has 
been appointed General Manager with the same Company 
to succeed the late Mr. 8. A. Jackson. Mr. O. Inman, 
Director and Chief Engineer will deputize for Mr. Howes 
when necessary. Mr. J. D. Joy has been appointed General 
Works Manager, Mr. H. D. Sawretyt, Works Manager 
(Light Departments), and Mr. G. Txicketr, Works 
Manager (Heavy Departments). 

> The Rt. Hon. Lord McGowan, Chairman of Imperial 
Chemical Industries, Ltd., has been re-elected a Director 
of the International Nickel Company of Canada, Ltd. 

> Dr. P. D. Merica, Executive Vice-President of the 
International Company of Canada, Ltd., has been re- 
elected a Director of the Company. 

> Mr. D. Rerty has left British Rolling Mills, Ltd., 
to take up an appointment as Assistant Works Manager 
(Cold Rolling Plant) at Messrs. Guest Keen and Nettle- 
folds (South Wales), Ltd., Cardiff. 

> Mr. W. H. ScHOFIELD has transferred to the Develop- 
ment Department of the Cookley Works of Messrs. 
Richard Thomas and Baldwins, Ltd., at Brierley Hill, 
from the Development Section of their Redbourn 
Works, Scunthorpe. 

> Mr. W. J. Sranuey has transferred to the Advisory 
Research Section, A.R.E., Metallurgical Branch, Wool- 
wich, from the Guns and Ferrous Section, M.O.S. Depot, 
Ruddington, Notts, where he has completed ten years’ 
service. 

> Mr. D. J. Tonks has been awarded the Efficiency 
Decoration and Ist Clasp of the Territorial Army. 

> Mr. A. C. YorKE, formerly General Manager of New- 
bury Plating Co., Ltd., has been appointed Senior 
Investigational Chemist, London Division, British Elec- 
tricity Authority. 


Obituary 


Mr. H. NreprineHavs, President of the Granite City 
Steel Company, U.S.A., in July, 1949. 

Mr. J. RoTcHELL, of the Manchester Works of English 
Steel Corporation Ltd., Sheffield, on 14th September, 
1949. 

Mr. Martin ALEXANDER, of the Department of Atomic 
Energy, Risley, on 15th March, 1950. 

Dr. W. J. Rees, O.B.E., formerly head of the Refrac- 
tory Materials Department, Sheffield University, in 
April. 
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Mr. STANLEY A. JACKSON, Director and General 
Manager of Messrs. Samuel Fox and Co., Ltd., on 30th 
April, 1950. 

Dr. A. H. Dickir, General Manager of Research at 
Messrs. Stewarts and Lloyds, Ltd., on 2nd May, 1950. 


CONTRIBUTORS TO THE JOURNAL 
A. H. Waine, A.Met., A.I.Mech.E., F.I.M.—Local Direc- 


tor of Messrs. Hadfields Ltd., and Director and Technical 
Manager of Messrs. Hadfields Foundry and Engineering 
Co., Ltd. Mr. Waine received his technical education 
at Sheffield University, and was awarded the Mappin 
Medal in 1930. 
Hadfields Ltd., having joined the company in 1917 
as a member of the laboratory staff. He was appointed 
Local Director in 1945 and became a Director and the 
Technical Manager of the associated Foundry in 1948. 

Mr. Waine’s energies have been devoted for many 
years to the development and manufacture of hardened 
steel rolls, and he is well known in the cold-rolling indus- 
tries, both ferrous and non-ferrous, in this country and 
in Europe. He has also specialized in ordnance and, 
in addition to being a member of several Government 
Committees, he has been. since 1943, Chairman of the 
Sub-Committee on armour-piercing projectiles. 

T. H. Arnold, F.I.M.—Deputy Research Controller 
at Messrs. Hadfields Ltd. Mr. Arnold was educated at 
the Cockburn High School, Leeds, and he attended 
classes at Leeds University. In 1915 he joined the labora- 
tory staff of Hadfields Ltd.. where he was closely associa- 
ted with the work of the late Sir Robert Hadfield, F.R.S. 
He was in charge of the metallographic and corrosion 
laboratories from 1920 to 1947, when he was appointed 
to his present position. 

E. T. Leigh ——A member of the Aerodynamics Section 
of the British Iron and Steel Research Association. 
He was educated at Emanuel School. Wandsworth. 
During the 2nd World War Mr. Leigh served in the 
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He was, by then, an old employee of 


Royal Air Force, from 1945 to 1948. He took up his 
present appointment in June, 1948. 

J. A. Leys, B.Sc.—A member of the Aerodynamics 
Section of the Physics Department of the British Iron 
and Steel Research Association. Mr. Leys was educated 
at the Southend High School and at Woolwich Poly- 
technic, graduating in Physics in 1947. He joined the 
tesearch Association in October, 1947. 


AFFILIATED LOCAL SOCIETIES 
Swansea and District Metallurgical Society 
The list of Officers for the Session 1950—51 is as follows : 
President : 
H. J. 
Vice-President : 
L. A. 8S. PERRETT, F.I.M. FM. 


THOMAS 


30WEN 
Joint Hon. Secretaries : 
H. A. CooKE 


Hon. Treasurer : 
U. WILtramMs 


M. J. A. THomas, B.Sc. 
Council : 
D. L. BLewitrr FE. Mitis 
J.S. CASWELL, M.Sc. D. G. NEWMAN 
R. G. Davies Prof. H. O’Nert., D.Sc. 


.. W. Evans, M.Met. M.Met., F.1I.M. 
M. L. Hucues, M.Sc. H. Pareures, M.I.Mech.E. 
E.RC.,. Faia R, WALKER 


Captain H. LercuHtron Davies, C.B.E., 
appointed to represent The Iron and Steel 
the Council. 


BRITISH IRON AND STEEL RESEARCH 
ASSOCIATION 


Steelmaking Conference 

The 34th Steelmaking Conference of the British Iron 
and Steel Research Association was held at Ashorne Hill, 
Leamington Spa, on 3rd and 4th May, 1950. 

The Conference, which was opened by Mr. T. Jolly, 
Chairman of the Steelmaking Divisional Panel, was in 
two Sessions; one on the electric furnace process and 
one on the open-hearth process. At the former, at 
which Dr. Rait, Chairman of the Electric Process Sub- 
Committee, presided, a talk was given by Mr. Folke 
Nilsson (General Superintendent, Uddeholms <A/B, 
Hagfors, Sweden) on an electric device for stirring the 
molten charge in an electric are furnace. Mr. D. J. O. 
Brandt spoke on the use of the oxygen lance in the 
electric are furnace for the manufacture of stainless 
steels and alloy steels not containing chromium. 

During the second session, Mr. A. Robinson, Chairman 
of the Steel Practice Committee, presided, and three 
talks were given on “The Working Control of the 
Open-Hearth Furnace Charge.” These dealt with 
cold metal practice for tube steel, cold metal acid prac- 
tice, and hot metal tilting practice, given by Mr. 8. Senior 
(Messrs. Stewarts and Lloyds, Ltd., Clydesdale), Mr. R. 
Swinden (Messrs. Samuel Fox and Co., Ltd), and Mr. 
S. W. Evans (Messrs. Guest Keen Baldwins Tron and 
Steel Co., Ltd.), respectively. 


has been 
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Conterence on Foundry Steel Melting 

The Proceedings of the Conference on Foundry 
Steel Melting, held at Ashorne Hill on 22nd and 23rd 
September, 1949, have been published by the Association 
(Price 10s.). This was the fourth conference of the Steel 
Castings Division but the first to be held in conjunction 
with the Melting Sub-Committee. 
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Plant Engineering Division 


Mr. E. T. Judge (Dorman Long and Co., Ltd.) has 
retired from the chairmanship of the Divisional Panel 
of the Plant Engineering Division. Mr. J. F. R. Jones 
(John Summers and Sons, Ltd.) has agreed to become 
the new chairman. 


NEWS OF SCIENCE AND INDUSTRY 


Conference on Wire Ropes in Mines 


A conference on Wire Ropes in Mines will be held from 
19th to 23rd September, 1950. at Ashorne Hill, near 
Leamington Spa, Warwickshire. The Conference has 
been arranged by the Institution of Mining and Metal- 
lurgy in co-operation with the Institution of Mechanical 
Engineers, the Institution of Mining Engineers, the 
Ministry of Fuel and Power, the National Coal Board, 
the British Iron and Steel Research Association, the 
Federation of Wire Rope Manufactures of Great 
Britain, the Locked Coil Ropemakers’ Association, and 
the Winding Engine Manufacturers’ Association. 

The subjects to be discussed include the manufacture 
and properties of rope wire, the design and manufacture 
of winding ropes, rope practice in the principal mining 
fields of the world, rope testing and failures, and Govern- 
ment regulations. Although winding ropes will be given 
particular attention, ropes for haulage, shaft-guides, 
ropeways, and dragline excavators will also be discussed. 

Further particulars may be obtained from the Institu- 
tion of Mining and Metallurgy, Salisbury House, Finsbury 


Cireus, London, E.C.2. 


United States International Trade Fair 

The First International Trade Fair to be organized 
by the United States of America will be held from 7th- 
20th August, 1950, in Chicago. A large number of 
countries, including almost every Western European 
country, will participate. : 


High-Temperature Refractory Materials 

The Ceramics Division of the Metallurgy Department 
of the Massachusetts Institute of Technology has 
arranged a two-week Summer School in High-Tempera- 
ture Ceramics at the Institute, Cambridge, Mass., from 
7th-18th August, 1950. The programme will include a 
series of lectures on various types of high-temperature 
refractory materials, particularly those used in com- 
bustion parts for guided missiles and in components of 
atomic energy reactors. Laboratory experiments designed 
to familiarize students with modern equipment for 
fabricating and testing high-temperature refractories 
will be available. 


Ductile Cast Iron 

Magnesium-treated, or spheroidized cast iron, provid- 
ing ductility greatly exceeding that of normal cast iron, 
is being produced in the foundries of Messrs. F. H. Lloyd 
and Co., Ltd., Burton-on-Trent. The material is known 
as Lloyd’s Ductile Cast Iron. 

An industrial film And Now has been produced by the 
Big Six Film Unit to illustrate the production and use 
of this material. 


Changes of Address 


British Paints, Lrp., have removed their London 
Office from Leadenhall Street, E.C.3. to Crewe House, 
15 Curzon Street, London, S.W.1. (Tel. : Grosvenor 
6401/5). 

THE METAL AND THERMIT CORPORATION has removed 
from 120 Broadway, New York, to 100 East 42nd Street, 
New York 17. N.Y. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


544 ANNOUNCEMENTS AND NEWS 


CORRIGENDUM 


Blast-Furnace Gas Cleaning 

In the paper by R. F. Jennings, published in the 
March, 1950, issue of the Journal (vol. 164, p. 325) 
the reference 17 to C. J. Stairmand should state that 
the papers and discussions at the Symposium were 
published as a supplement to the Transactions of the 
Institution of Chemical Engineers, and not, as quoted, 
by the Society of Chemical Industry. 
Determination of Tin in Highly Alloyed Steels 

The following correction should be made to the paper 
by the Methods of Analysis Committee, published in the 
June 1950, issue of the Journal (vol. 165, p. 196, R.H. 
col., line 17) : ‘‘ potassium iodate *’ should read “* potas- 
sium iodide.” 


DIARY 


INSTITUTE OF PETROLEUM—NSecond Oil 


3rd—7th July 
Royal Technical 


Shale and Cannel Coal Conference 
College, Glasgow. 

6th July—30th Sept.—-INsTrruTION OF METALLURGISTS 

Metallurgical Exhibition—Science Museum, South 

Kensington, London, S.W.7. 

9th-16th July—DercHemMa—Exhibition of 
Apparatus—Frankfort-on-Main. 

10th—-15th July—FourtH WortpD POWER CONFERENCE 
—The Institution of Civil Engineers, Great George 
Street, London, S8.W.1. 

12th July—InstiruTE or WELDING—Twenty-seventh 
Annual General Meeting—2 Buckingham Palace 
Gardens, London, 8.W.1., 2.30 P.M. 

18th-29th July—-SuMMER ScHOOL IN ELECTRON MIcro- 
scopy—Cavendish Laboratory. Cambridge. 

23rd-29th July —61rH INTERNATIONAL CONGRESS OF 
RapioLocy—Central Hall, Westminster, London, 
S.W.1. 


TRANSLATION SERVICE 


(The previous announcement was made in the June, 
1950, issue of the Journal, p. 231.) 


Chemical 


TRANSLATION AVAILABLE 
No. 400 (German). M. HANSEN : 
Flow in Industrial Furnaces.” (Archiv fiir das 
Hisenhiittenwesen, 1949, vol. 20. Nov.—Dec.. 
pp. 337-344). (Translation prepared by 
Mr. R. Sewell and made available through the 
courtesy of the Research and Development 
Department of The United Steel Companies. 

Ltd., Stocksbridge, near Sheffield). 


‘Fundamentals of 


TRANSLATIONS IN COURSE OF PREPARATION 

German). F. Kenier: “ Investigation of the Power 
Required for Cutting by Shearing along a 
Straight Line.” (Werkstatt und Betrieb, 1949. 
vol. 82, May, pp. 165-171). 

German). G. GILLE and J. WILLEMS: ~*~ Temperature 
and Flame Measurement in the Bessemer 
Process.” (Stahl und Eisen, 1949, vol. 69, 
Oct. 27, pp. 759-762). 

(German). J. Wriuems, G. Gitte, and H. Horcess: 
** Observations on the Course of the Reaction 
Towards the End of the Bessemer Blow with 
the Aid of Temperature and Flame Measure- 
ments.” (Stahl und Eisen, 1949, vol. 69. 
Oct. 27, pp. 762-764). 

(German). J. KiLarRDING and A. MEYER: ‘“ Deoxidation 
with Ferro-Aluminium in the Basic Bessemer 
Steelworks.”” (Verein Deutscher Eisenhiitten- 
leute, Confidential Report No. 61, Mar., 1944). 
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ORES—MINING AND TREATMENT 


Getting at Itabira’s Iron. L. J. Hughlett. (Engineering 
and Mining Journal, 1949, vol. 150, Oct., pp. 76-79). An 
account is given of the mining operations and transport con- 
ditions at the Cia. Vale do Rio Doce iron ore field near Itabira 
in Brazil. Output reached 417,680 tons in 1948 and the 
planned output for 1951 is 1-5 million tons ; this will not be 
attained, however, unless certain deficiencies in equipment 
and transport facilities are made good.—R. A. R. 

Electrically Operated Walking Dragline. (Engineer, 195v, 
vol, 189, Mar. 24, p. 355). A description is given of an 
electrically operated 12-cu. yard capacity walking dragline 
recently put in service at Scunthorpe. It is fitted with a 
boom 175 ft. long and is designed to dump over a radius up 
to 165 ft. and to heights up to 79 ft. 9 in.—R. A. R. 

Floatability of Minerals. F. T. ©. Doughty. (Mining 
Magazine, 1949, vol. 81, Nov., pp. 268-271). Tables are 
presented showing the metals in alphabetical order with the 
minerals from which they are obtained, and the formule. 
specific gravities, and flotation characteristics of these minerals. 
Four classes of floatability are indicated, namely, easily 
floatable, floatable, difficult to float, and not yet floatable on 
a commercial scale.—R. A. R. 

Operational and Economic Considerations Relating to the 
Sintering of Iron Ore. W. Luyken. (Archiv fiir das Eisen- 
hiittenwesen, 1950, vol. 21, Jan.-Feb., pp. 1-8). The author 
discusses and defines the quantitative data which are neces- 
sary for the study of the efficiency and economy of iron ore 
sintering plants, and for the costing of the process. —R. A. R. 

The Mathematical-Physical Relationships ‘* the Sintering 
of Iron Ore. M. Hansen. (Archiv fiir das Eisenhiittenwesen, 
1950, vol. 21, Jan.-Feb., pp. 9-12). The author presents a 
mathematical treatment of the physical processes which 
occur during sintering, using the definitions applied by 
W. Luyken in his paper on the economic aspects of sintering 
(see preceding abstract). As a first approximation the sintering 
rate is found to be proportional to the gas velocity through 
the bed of the charged mix. As the gas flow through the bed 
is mainly laminar, the gas velocity is proportional to the 
pressure drop derived from the bed depth. In moving-grate 
sintering, the speed of the grate is a most important factor ; 
it is proportional to the sintering rate and the useful grate 
length, and inversely proportional to the depth of bed. On 
the other hand, the grate speed is proportional to the useful 
grate length and the number of such lengths passing through 
in unit of time. Combining these relationships, it is found 
that the production per square metre of grate in 24 hr. can 
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be calculated from the grate length passing through the 
suction zone, the proportion of ore in the charge, and the 
proportion of sinter in the product. Calculations respecting 
pan sintering are also made, and the efficiency of pan sintering 
!s found to be less than that of moving-grate sintering 
we 
A Kee of —— Work Done on the Sintering of Iron 
Ores. . McLeod. (Journal of the Royal Technical College, 
1950, hy 5, Part [, Jan., pp. 199-206). This paper sum 
marizes work reported in three previous papers: ‘Some 
Aspects of Sintering Iron Ores,” ** The Principles Underlying 
the Sintering of Iron Ores,’ and ** A Note on the Effect of 
Lime Additions to Iron Ore Sinters.”? (See Journ. Il. and 38.1., 
1944, No. I, p. 38a ; 1947, vol. 155, p. 453 ; 1948, vol. 160, p 
218).—R. A. R. 


FUEL—PREPARATION, PROPERTIES, AND USES 
The Application and Flexibility of Liquid Fuel Burning. 


A. G. Dobbs. (Transactions of the Liverpool Engineering 
Society, 1949, vol. 70, pp. 151-183). After making general 
recommendations on the use of oil fuel, and discussing the 
measurement of viscosity and the advantages of measuring 
the CO, in the waste gas, the author considers burner desizn 
and combustion with special reference to the Wallsend 
Summers steam jet burner and its use in open-hearth furnaces 

R. A. R 

Benzoic Acid as a Calorimetric Standard in the Determination 
of the Calorific Value of Fuels. W. G. Marskell and J. E 
tayner. (Fuel, 1949, vol. 28, Nov.. pp. 243-245). It is 
apparent that ‘ pure’ benzoic acid can vary appreciably and 
the recommendation of its use as a calorimetric standard by 
the British Standards Institution can be inadequate for the 
purpose in its present form. It is suggested that pure benzoic 
acid should be rigidly defined in terms of such properties as 
percentage purity, ash content, and well-defined melting 
point, so that a reliable figure for its actual calorific value 
can be caleulated.—R. A. R. 

High-Pressure Briquetting. W. Konge. (Iron and Coal 
Trades Review, 1949, vol. 159, Dec. 2, pp. 1281-1282) 
Accounts are given of Exter hay-baler presses which are 
used for high-pressure briquetting of peat and soft brown 
coal ; the Apfelbeck rotating-ring type machine which works 
on the principle of a continuous rolling action on the material 
and simultaneous application of high pressure, and which 
enables harder coals to be briquetted ; and the Krupp-Gruson 
press which is a twin-die machine of the ring type and is 
used for briquetting harder grades of brown coal and soft 
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bituminous coals without the use of binding materials. Sinall- 
scale experiments showed that phosphates, calcined iron ore 
dust, ete. can be briquetted with this machine without a 
binder, using pressures up to 28,000 Ib./sq. in.—vJ. Cc. R. 


TEMPERATURE MEASUREMENT AND CONTROL 


Automatic Control of Industrial Furnaces. L. Walter. 
(Engineer, 1950, vol. 189, Mar. 3, pp. 260-262; Mar. 10, 
pp. 292-294 ; Mar. 17, pp. 324-325; Mar. 24, pp. 351-352). 
The fundamentals of high-temperature control are briefly 
explained, and two-position, three-position, and gradual 
modes of control are described with the aid of drawings. The 
examples described and discussed include : (1) On-off control 
to an oil-fired furnace ; (2) separate control to two zones of 
a gas-fired furnace and to three zones of an electric heat- 
treatment furnace ; (3) torque unit electrical control of air/fuel 
ratio and fuel damper ; (4) recuperative soaking-pit control ; 
(5) pressure control of heat-treatment furnaces ; (6) pressure 
control of an open-hearth furnace ; (7) pressure control with 
amplifier ; (8) automatic reversal of open-hearth furnaces ; 
(9) automatic control of fuel at predetermined times ; and 
(10) furnace control panels.—nr. A. R. 

Temperatures of Liquid Iron and Steel in Practice. T. B. 
Winkler. (American Institute of Mining and Metallurgical 
Engineers, 1949, Open Hearth Conference Proceedings, vol. 
32, pp. 11-23). Platinum immersion thermocouples have been 
used to provide information on the temperatures of liquid 
iron and steel at various stages in the electric and open- 
hearth steelmaking processes. The temperature of blast- 
furnace iron fell about 300° F. during transport from the 
blast-furnace runner to the open-hearth furnace ; when it 
entered the latter, its temperature was about 2400° F. The 
higher rate of rise in temperature for oxygen-blown heats 
as compared with normal ore-treated heats has been defined. 
The fall in temperature as steel is tapped into the ladle is 
constant at about 7° F./min. for heats ranging from 70 to 
200 tons. With 60 tons of acid-furnace steel standing in a 
ladle, the temperature fell 3-25° F./min. immediately after 
tapping, and 1° F./min. 35 min. later. The weight of ladle 
skulls and the frequency of their formation was largely 
dependent on the tapping temperature.—R. A. R. 

A Bath-Temperature Pyrometer. J. A. Warchol. (American 
Institute of Mining and Metallurgical Engineers, 1949, Open 
Hearth Conference, vol. 32, pp. 162-167). The Leeds and 
Northrup pyrometer described consists of a 3-in. steel tube 
7 ft. long with an orifice at one end through which air is 
blown to keep the tube clear so as to allow radiation from 
the molten steel to reach the Rayotube cell situated about 
1] in. up the tube. The millivolt output of the cell is passed 
to a high-speed potentiometer recorder.—R. A. R. 

Utilization of Open-Hearth Bath-Temperature Measure- 
ments in the Production of Steel Castings. W. D. Lawther. 
(American Institute of Mining and Metallurgical Engineers, 
1949, Open Hearth Conference Proceedings, vol. 32, pp. 168- 
175). A Rayotube immersion pyrometer has been used to 
measure temperatures of liquid steel during teeming and 
casting operations. Some observations made include : (a) The 
fall in temperature of molten steel in the ladle is surprisingly 
small. (6) The upper portion of the open-hearth bath is 
hotter than the lower, and the slag is 100—200° F. hotter than 
the molten steel. (c) With higher casting temperature, defects 
due to cold shuts decreased. (d) Defects due to entrained 
non-metallic materials increased with increasing heat input 
to the mould, i.e., with greater weight of casting.—R. A. R. 

The Measurement of Gas Temperature by Thermocouples. 
R. Jackson. (Monthly Bulletin of the British Coal Utilisation 
Research Association, 1950, vol. 14, Feb., pp. 33-39). Pyro- 
meters are used satisfactorily for the determination of gas 
temperatures, but various factors may affect the accuracy 
of the readings obtained. The most important of these factors 
is radiation and the principal methods for reducing the effects 
of radiation are the use of radiation shields and of suction 
pyrometers. This review includes a bibliography of 30 
references.—R. F. F. 

New Design of Tungsten-Graphite Thermocouple. P. A. 
Shchukin and L. V. Pegushina. (Zavodskaya Laboratoriya, 
1948, vol. 14, May, pp. 632-633). [In Russian]. The following 
design of tungsten-graphite thermocouple is described : 
Inside a hollow graphite rod passes a tungsten wire in a 
refractory insulating sheath, which reaches within a few 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


ABSTRACTS 


millimetres of the end of the rod ; the end of the wire inside 
the rod is in the form of a spiral and is in close contact with 
the graphite, thus forming the couple.—s. kK. 


REFRACTORY MATERIALS 


Magnesite in Austrian Economy. G. Aubell. 
Hiittenmannische Monatshefte der Montanistischen Hoch- 
schule in Leoben, 1949, vol. 94, Nov., pp. 335-349). The 
development of the Austrian magnesite industry from its 
beginnings in 1860 to the present time is reviewed.—R. A. R. 

Thermal Changes in Fireclay and Kaolinite. Helen Towers. 
(Journal of the Royal Technical College, 1950, vol. 5, Part L, 
Jan., pp. 207-216). Tests to determine the temperature at 
which a clay expanded on firing are described. A small 
expansion at 900° C. and a marked and rapid expansion at 
1180° C. which continued up to 1400° C. were observed. It 
was deduced that the latter expansion was related to the 
formation of mullite. The small expansion was also studied 
and a tentative hypothesis is offered to explain the experi- 
mental results.—R. A. R. 

Use of Sillimanite for Lining a Hot-Metal Mixer. A. Maupin. 
(American Institute of Mining and Metallurgical Engineers, 
1949, Open Hearth Conference Proceedings, vol. 32, pp. 
194-205). A description, with numerous illustrations, is 
given of the lining of a 1000-ton hot-metal mixer at the 
works of the Republic Steel Corporation, in order to show the 
areas lined with sillimanite bricks and to compare the wear 
of these bricks with that of silica bricks. Although the cost 
of the former bricks was about six times that of the latter, 
their use has been justified by savings in materials and labour 
for repairs, and by the long periods of steady operation. 

R.A. R. 

Rammed Lining for Metal Mixer. F. A. Colledge. (American 
Institute of Mining and Metallurgical Engineers, 1949, Open 
Hearth Conference Proceedings, vol. 32, pp. 205-210). A 
description is given of the manner in which a 1000-ton mixer 
was repaired by ramming a high-duty plastic fireclay material 
over the eroded brickwork. About 32 tons of the material 
were used and 72 hr. were spent in heating up. After three 
weeks, erosion of the new lining was very severe and the 
lining was regarded as unsatisfactory for the severe con- 
ditions.—R. A. R. 

Quality of Silica Brick. H. M. Kraner. (American Institute 
of Mining and Metallurgical Engineers, 1949, Open Hearth 
Conference Proceedings, vol. 32, pp. 211-212). It is empha- 
sized that silica bricks for open-hearth furnace roofs must be 
analysed periodically to check the alumina and alkali con- 
tents. The modulus of rupture for these silica bricks should 
be at least 800 lb. and the apparent specific gravity 2-34 
max.—R. A. R. 

Relative Effect of Alkalis and Alumina on Refractoriness 
of Silica Bricks. L. L. Wells, jun. (American Institute of 
Mining and Metallurgical Engineers, 1949, Open Hearth 
Conference Proceedings, vol. 32, pp. 212-217). An investiga- 
tion of the effect of the alumina, titania, and alkali contents 
of silica bricks on the refractoriness under load is reported. On 
an equal weight basis, alkalis are about 1-6 times as effective 
as alumina and titania in depressing the refractoriness under 
load of silica bricks.—R. A. R. 


BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG IRON 


Desulphurization of Pig Iron. H. M. Griffith. (American 
Institute of Mining and Metallurgical Engineers, 1949, Open 
Hearth Conference Proceedings, vol. 32, pp. 43-46). A brief 
description is given of a pilot plant built by the Steel Company 
of Canada for treating blast-furnace iron to remove sulphur. 
It consists of a skimming ladle with a goose-neck spout, a 
carbon-lined desulphurizing ladle with carbon tuyeres in the 
sides to admit nitrogen, a second skimming ladle (later re- 
placed by a skimmer-type runner owing to excessive skull 
formation), and the transfer ladle. Operating data are not 
yet available.—r. a. R. 

Review of Work on Blast Furnace Reactions. J. Taylor. 
(Journal of the Royal Technical College, 1950, vol. 5, Part I, 
pp. 181-189). From an examination of blast-furnace reactions 
the author draws the following conclusions : (1) The Griiner 
theorem is true in so far that the maximum of indirect 
reduction leads to maximum efficiency. It is misleading to 
say that the ideal is 100°, indirect reduction, since this is 
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probably impossible in most cases, certainly so for all but 
very lean ores. (2) Reducibility of the burden is probably 
the most important single factor in furnace operation, and 
it is a function not only of the inherent reducibility of the 
ore, but also of the size, grading, and method of agglomerating 
the fines. (3) The reducibility of the ore can never be too 
great, although it may be greater than is necessary. (4) The 
thermal load and reducibility of the burden are interdepen- 
dent ; the greater the thermal load the greater must be the 
reducibility for efficient operation. (5) The interdependence 
of thermal load and reducibility are of particular importance 
with reference to the richness of the burden ; an ore-dressing 
process which gives a more concentrated product of inferior 
reducibility, from a lean but highly reducible ore, can largely 
defeat its own object.—R. A. R. 

Threadless Coupling Cuts Blast-Furnace Repair Piping Time 
35%. E. R. Norris. (Iron Age, 1949, vol. 164, Dec. 29, pp. 
55-57). In the repair of a blast-furnace after a breakout, 
threadless couplings were used on the pipe-work for the water- 
cooling system. This eliminated thread-cutting and the need 
for great accuracy in fitting the pipes: the joints could also 
be broken readily when this was necessary.—J. P. 8. 


PRODUCTION OF STEEL 


“New Steelworks, Port Talbot—Planning and Design.” 
W.S. A. Atkins. (Institution of Civil Engineers : Engineer, 
1950, vol. 189, Apr. 7, pp. 417-418), The layout of the Abbey 
Works now under construction at Port Talbot for the Steel 
Company of Wales, Ltd., and problems involved in preparing 
the site and foundations are described.—Rr. A. R. 

The Development of a Process for the Manufacture of High- 
Quality Basic Bessemer Steel (MA Steel). G. Naeser. (Verein 
deutscher Eisenhiittenleute, 1944, Confidential Report No. 
67, Part I). The conditions under which steel in the basic- 
lined converter takes up nitrogen have been examined and 
the theory is developed that if oxygen is well distributed in 
the blast an iron oxide skin will form on the metal which will 
prevent it from absorbing nitrogen. (See Iron and Steel 
Institute, Translation Series No. 369).—Rr. a. R. 

Production of Hot-Blown, Low-Nitrogen Steel. W. Bading. 
(Verein deutscher Eisenhiittenleute, 1944, Confidential Report 
No. 67, Part II). A side-blown converter process is described 
which was developed on the basis of Naeser’s oxide skin theory 
(see preceding abstract) to produce low-nitrogen steel. The 
blast box was constructed low down on one side of the 
converter ; there were five rows each of 18 25-mm. holes all 
below the level of the metal with the converter in the upright 
position. After 81 consecutive blows the average nitrogen 
content of the steel was 0-006%. (See Iron and Steel Institute, 
Translation Series No. 369).—R. A. R. 

Characteristics of Scrap in Relation to Bulk Handling. 
E. L. Diamond. (Journal of The Iron and Steel Institute, 
1950, vol. 164, Apr., pp. 452-462). A very great increase in 
the rate of supply of scrap to large melting or steelmaking 
furnaces will probably be obtainable only by a departure from 
the pan method of loading. An essential preliminary to the 
successful development of alternative methods of bulk 
handling is a fundamental knowledge of the relationships 
between the shape of pieces of scrap and the packing and flow 
of large quantities of similar pieces. For the purpose of an 
investigation into these relationships all scrap may be regarded 
as pieces having two principal dimensions perpendicular to 
each other, ranging from sheets with a length and a thickness, 
to rods or bars with a length and a diameter ; or as combina- 
tions or mixtures of such pieces. Experiments were carried 
out on quantities of uniform cylinders ranging from thin flat 
discs to long rods. Simple relationships were established 
between the principal dimensions (length and diameter) and 
(a) the bulk density of the pieces when dropped at random 
into a receptacle, and (b) the ability of the pieces to flow and 
separate, e.g., in discharge from a chute to a receptacle. 
From these experiments are drawn a number of conclusions 
which may be used in the control of the segregation or 
preparation of scrap suitable for bulk handling, and which 
would give valuable guidance in the design of suitable equip- 
ment. 

Factors Affecting Open Hearth Production. C. L. Alten- 
berger. (Iron and Steel Engineer, 1949, vol. 26, Oct., pp. 
96-98). The author discusses the chemical balance of the 
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open-hearth furnace charge and factors affecting the speed 
of steel production. Reference is made to heats which have 
‘melted high’ and charges which have ‘ melted soft’ and 
the delay which occurs in correcting these conditions. Atten- 
tion is also paid to the shape and surface area of the charge 
and, in particular, the scrap charged.—J. Cc. R. 

Use of Blown Metal in Tilting Open-Hearth Furnaces. 5. J 
Creswell. (American Institute of Mining and Metallurgical 
Engineers, 1949, Open Hearth Conference Proceedings, vol. 
32, pp. 116-120). A description is given of American practice 
for making steel in 145-ton tilting open-hearth furnaces using 
high proportions of blown metal. This is the dry-bottom or 
single-heat practice. The sequence of charging for making 
rimming steel is : Limestone 8400 lb., blown metal 90,000 Ib., 
limestone 8400 Ib., blown metal 180,000 lb. in two lots, and 
unblown basic iron 40,000 Ib. For semi-killed or killed steel 
the sequence is similar, but less limestone is charged, ée., 
7000 and 4200 Ib. The blown metal contains 0-10 to 0-20 
of carbon. There is very little silicon in the charge and the 
amount of slag produced is about 6-5 wt.-°% of the heat. 
The advantages and disadvantages of the process are dis- 
cussed,—-R. A. R. 

A Progress Report on Hot-Top Research. J. W. Mueller. 
(American Institute of Mining and Metallurgical Engineers, 
1949, Open Hearth Conference Proceedings, vol. 32, pp. 
120-126). An account is given on research at Ohio State 
University on ingot-mould hot tops. Mixtures of clay and 
combustible materials were fired and the hot tops produced 
were porous, light in weight, insulating, and of low specific 
heat. These hot tops tend to float and to prevent this a 
horizontal indentation } in. deep and } in. wide is made 
around the outer surface of the hot-top wall near the bottom. 
The metal runs between the top and the mould and solidifies 
rapidly, clamping the top in place during the formation of 
the ingot. Illustrations of sectioned ingots 3 3in., 6 6 in., 
and 18} 184 in. show the great reduction in pipe resulting 
from the use of these hot tops. When the volume enclosed by 
the hot top was about 10°, of the ingot volume, very good 
results were obtained.—R. A. R. 

Recent Developments in Hot-Top Designs and Relative 
Efficiencies. E. W. Pierce. (American Institute of Mining and 
Metallurgical Engineers, 1949, Open Hearth Conference 
Proceedings, vol. 32, pp. 127-129). Experience in the use 
of different designs of ingot-mould hot top is reported. The 
insulated clay top produces a top product comparable to 
that of the standard clay with a reduction of 2-4°, in hot- 
top volume.—R. A. R. 

Scrap Preparation and Charging Practice Keystone Prac- 
tice. W. Schwinn. (American Institute of Mining and Metal- 
lurgical Engineers, 1949, Open Hearth Conference Proceedings, 
vol. 32, pp. 130-135). In the charging practice described, 
heavier loads were obtained in each box by filling them at 
ground level instead of on bogies, as the ends were filled up 
in this way. Time was also saved by using a rectangular 
rack, made of welded steel channels from which four pairs 
of chains were suspended, in order to lift four boxes at a 
time. Data on charging-box sizes, weight of scrap in each, 
weight per bogie, etc., are also given.—R. A. R. 

Preparation and Charging Scrap at Sheffield Steel Cor- 
poration. W. H. Steinheider. (American Institute of Mining 
and Metallurgical Engineers, 1949, Open Hearth Conference 
Proceedings, vol. 32, pp. 135-136). Scrap preparation by 
shearing and oxy-acetylene cutting at the works of the 
Sheffield Steel Corporation, Kansas City, is described.—R. A. R. 

Scrap Preparation and Charging Practice at Granite City. 
R. C. Solomon. (American Institute of Mining and Metal- 
lurgical Engineers, 1949, Open Hearth Conference Proceed- 
ings, vol. 32, pp. 137-139). Difficulties in scrap preparation 
and handling at the works of the Granite City Steel Corpora- 
tion are reported. The use of purchased bundled scrap 
increased the weight per charging box, but the increase in 
sulphur, and zine and lead oxides, caused a great many 
operating difficulties. It proved advantageous to provide a 
scrap preparation yard with shears, 15 oxy-acetylene stations, 
sidings, and a diesel locomotive.—R. A. R. 

Scrap Preparation and Charging by Armco Steel Corporation. 
H M. Parker. (American Institute of Mining and Metal- 
lurgical Engineers, 1949, Open Hearth Conference Proceedings, 
vol. 32, pp. 139-140). At the Armco Steel Corporation, 
Butler, Pa., scrap is loaded into boxes of 27-5 cu. ft, capacity. 
The furnaces have large doors with 4 ft. « 4 ft. 6} in. openings 
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to facilitate charging light scrap. A hydraulic bundling 
machine is used for very light scrap and men are paid a 
bonus on the lead, brass, and copper separated from the 
steel.—R. A. R. 

Charging Practice at Continental Steel Corporation. J. F. 
Richardson. (American Institute of Mining and Metallurgical 
Engineers, 1949, Open Hearth Conference Proceedings, vol. 
32, pp. 141-142). The problem of charging five 130-ton open- 
hearth furnaces with 85°% scrap and 15% cold pig iron is 
discussed. Three of the furnaces have a centre door 66 in. 
wide through which as much as 20,000 Ib. in one piece can 
be charged ; only one such lump is supplied to a heat. There 
may be up to 30% turnings in the heat ; these supply some 
of the carbon and they reduce the amount of coke required 
by at least 1000 Ib.—R. A. R. 

Furnace Design for Cold Metal Shops. 0. P. Luetscher. 
(American Institute of Mining and Metallurgical Engineers, 
1949, Open Hearth Conference Proceedings, vol. 32, pp. 
142-149). The design of furnace ports and checker chambers 
for 170-ton open-hearth furnaces charged with a high pro- 
portion of scrap is discussed. A ‘ sharp working’ furnace is 
obtained by positioning the burners high up in the end walls ; 
they project only a short distance through the wall and the 
flame is thus developed for the most part in the stream of 
pure air from the uptakes and there is good combustion 
before the flame meets the charge. An improved design of 
regenerator in which the air enters at the top at one end and 
leaves at the bottom at the same end has given a fairly 
uniform distribution of flow through the checkers and longer 
intervals before having to remove dust.—kR. A. R. 

Use of Metallurgical Oxygen at American Steel Foundries. 
L. L. Whitney. (American Institute of Mining and Metal- 
lurgical Engineers, 1949, Open Hearth Furnace Conference 
Proceedings, vol. 32, pp. 150-155). The use of oxygen in 
30-ton oil-fired steel furnaces at the Alliance Works of 
American Steel Foundries, Ohio, is described. A water-cooled 
oxygen lance with a copper nozzle with six #-in. openings 
has proved very efficient.—R. A. R. 

Use of Oxygen at Keystone. E. H. Reyer. (American 
Institute of Mining and Metallurgical Engineers, 1949, Open 
Hearth Conference Proceedings, vol. 32, pp. 156-158). The 
oxygen practice at the works of the Keystone Steel and Wire 
Co., Peoria, Illinois, is described. Oxygen is injected at the 
firing end of the 168-ton open-hearth furnaces through a 1-in. 
pipe at 450 cu. fts/min. Injection is commenced shortly after 
the heat is covered with slag, and continues for an average 
of 40 min. The final sulphur content of oxygen-injected heats 
is 0-010 to 0-015% lower than when no oxygen is used. The 
scrap-charging time is reduced from about 6 to 5 hr. when 
oxygen is used for combustion. Much more advantage is 
obtained when adding oxygen to oil firing than when adding 
it to oil and gas firing.—R. A. R. 

Multiple-Burner Firing for Open-Hearth Furnaces. R. R. 
Fayles. (American Institute of Mining and Metallurgical 
Engineers, 1949, Open Hearth Conference. vol. 32, pp. 158 
161). Good combustion and rapid melting were obtained in 
a 130-ton open-hearth furnace with a dual oil burner designed 
to pass 30% of the oil through the upper outlet and 70% 
through the lower one. The oil to the lower burner was 
atomized with steam at 115 lb./sq. in. and 500° F., whilst 
compressed air at 275-300° F. was supplied to the upper 
burner. When similar systems were installed on other 
furnaces no improvement was obtained.—R. A. R. 

The All Basic Furnace in Canada. A. K. Moore. (American 
Institute of Mining and Metallurgical Engineers, 1949, Open 
Hearth Conference Proceedings, vol. 32, pp. 177-178). 
Experiences of the Steel Company of Canada with six furnace 
campaigns using all-basic open-hearth furnaces are reported. 
All-basic furnaces produced more steel than  silica-roofed 
furnaces, both with high rates of oil input. The basic roofs 
lasted longer and also stood up to high fuel rates plus the use 
of oxygen. Costs were higher with the basic roofs, but the 
difference decreased over the first four campaigns. At the 
fifth campaign the prices of basic bricks and fuel oil were 
both increased. It is believed that the furnace as designed 
cannot use efficiently the high fuel rate necessary to meet 
production demands.—Rr. A. R. 

The All-Basic Furnace at South Works. M. F. Yarotsky. 
(American Institute of Mining and Metallurgical Engineers, 
1949, Open Hearth Conference Proceedings, vol. 32, pp. 
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179-181). An open-hearth furnace roof of basic bricks lasted 
for 472 heats. In a second campaign it required patching 
after 350 heats and replacement after 406 heats. A life of 
350 to 400 heats can be expected with a 15-in. roof before the 
first patch is required. Tests with a calorimeter showed that 
the heat losses through silica and basic brick roofs of equal 
thickness are about the same ; as basic roof thickness is less 
on the average throughout the campaign than that of the 
silica roof, the heat loss will be significant in the former 
case.—R. A. R. 

Basic Ends, Homestead Open Hearth. H. E. Warren, jun. 
(American Institute of Mining and Metallurgical Engineers, 
1949, Open Hearth Conference Proceedings, vol. 32, pp. 
182-189). Experience in the construction and repairs to a 
basic end wall in an open-hearth furnace at the Homestead 
Works of the Carnegie Illinois Steel Corp. is described with 
details of the repairs carried out during five campaigns. 
About 150 hr. per year were saved in rebuilding time because 
of the ease of removal of cinder from slag pockets, less brick 
replacement, and ability to clean checkers more quickly. 

R.A. 2. 

Armco Basic-End Furnaces, Middletown. E. R. Westfall. 
(American Institute of Mining and Metallurgical Engineers, 
1949, Open Hearth Conference Proceedings, vol. 32, pp. 190 
191). This brief report shows that better service has been 
obtained from basic than from silica brick furnace ends. 

R. A. R. 

Deoxidation vs. Surface Quality. L. R. Silliman and H. J. 
Forsyth. (American Institute of Mining and Metallurgical 
Engineers, 1949, Open Hearth Conference Proceedings, pp. 
218-224). Methods of improving the surface of billets made 
of 0-32-0-39%, carbon steel are described. Time spent on 
surface treatment decreased considerably when 3000 Ib. of 
silicomanganese was used instead of silicon pig iron to 
deoxidize a 110-ton heat. Heats requiring recarburization 
in the ladle showed an increase in surface defects.—R. A. R. 

Deoxidation Practice for Semikilled, Capped, and Rimmed 
Steels. S. Feigenbaum. (American Institute of Mining and 
Metallurgical Engineers, 1949, Open Hearth Conference 
Proceedings, vol. 32, pp. 225-230). Low-manganese steel 
containing about 0-12°, of carbon usually rims quite well 
without any deoxidation. Steels with over 0-60% of man- 
ganese do not rim well because the manganese and the silicon 
in the ferromanganese addition deoxidize the metal below 
the level required for good rimming.—R. A. R. 

The Problem of Foaming in the Open-Hearth Bath. B. M. 
Larsen. (American Institute of Mining and Metallurgical 
Engineers, 1949, Open Hearth Conference Proceedings, vol. 
32, pp. 231-237). Evidence is cited which indicates that 
foaming is essentially the result of a surface-layer carbon 
reaction in an otherwise quiet bath. Oxygen may diffuse 
rapidly enough from the slag into the top layer of metal for 
bubbles to form at or just below the slag—metal interface, 
but not at the bottom. Such bubbles would be smaller and 
would rise more slowly than bubbles from the bottom ; they 
would therefore stay in the slag and tend to produce foam. 

B.A. Rm, 

Advantages and Disadvantages of Mechanically Capped 
Ingots. O. Pearson. (American Institute of Mining and 
Metallurgical Engineers, 1949, Open Hearth Conference 
Proceedings, vol. 32, pp. 249-253). Steel poured in bottle- 
shaped ingots is caused to solidify rapidly by covering it 
with a cap which fits neatly into the neck of the mould. 
There is less pipe in capped ingots and at the Carnegie- 
Illinois Steel Corporation’s works 2°, greater yield is obtained 
with smaller ingots and 5°, more by capping larger slab 
ingots. Ingot moulds can be poured to a greater height when 
capping is practised than with rimming practice, so that fewer 
moulds are required per heat. There is less work on con- 
ditioning the moulds, and capped steel can be substituted 
for semi-killed steel, thus economizing in the use of deoxi- 
dizers.—R. A. R. 

Advantages and Disadvantages of Mechanically Capped 
Ingots. G. M. Yocom. (American Institute of Mining and 
Metallurgical Engineers, 1949, Open Hearth Conference 
Proceedings, vol. 32, pp. 253-255). Practice in the production 
of capped ingots at the works of the Wheeling Steel Corpora- 
tion is described. The capped steel has several advantages 
over rimming steel when the product is to be used for tin- 
plate.—R. A. R. 
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Factors Affecting Surface Quality of Capped Steel. L. Van 
Ormer. (American Institute of Mining and Metallurgical 
Engineers, 1949, Open Hearth Conference Proceedings, vol. 
32, pp. 255-256). The conditions required for the production 
of good capped steel are described. The optimum composition 
of the finished steel is in the carbon range of 0-08 to 0-12% 
with low sulphur. The steel as produced should not be 
highly oxidized, and the rising action to hit the cap should 
not be too rapid. Steel and moulds should be on the cool side. 
Handling and heating should be regulated to avoid burning 
through the thin skin characteristic of capped steels.—R. A. R. 

Time Interval between Last Oxygen Pipe and Tap. ©. G. 
McCabe. (American Institute of Mining and Metallurgical 
Engineers, 1949, Open Hearth Conference Proceedings, vol. 

2, pp. 257-259). Fifteen replies were received to a question- 
naire regarding the practice of blowing oxygen into open- 
hearth steel furnaces. Only three plants imposed a restriction 
on the time interval between the last injection of oxygen 
and tapping. These reported restrictions of 60, 45, and 5 min. 
respectively.—R. A. R. 

Effect of Nitrogen in Improving Physical Properties of Low- 
Carbon Steel. S. C. Faddis. (American Institute of Mining 
and Metallurgical Engineers, 1949, Open Hearth Conference 
Proceedings, vol. 32, pp. 260-263). Nitrogen can be used 
with advantage in low-carbon rimmed, semi-killed, and capped 
steels to obtain greater hardness and higher tensile strength 
for applications where such properties are required. The 
difference in hardness of steels containing 0-007 and 0-010°, 
of nitrogen are shown.—R. A. R. 

Effect of Incidental Elements on Carbon Steel Plates. J. G. 
Althouse. (American Institute of Mining and Metallurgical 
Engineers, 1949, Open Hearth Conference Proceedings, vol. 
32, pp. 264-277). A committee of the American Iron and Steel 
Institute has carried out an extensive series of tests in an 
attempt to determine at what point residual contents of 
copper, nickel, chromium, molybdenum, and tin (not inten- 
tionally added) in steel plates, appreciably affect the proper- 
ties. In 35 heats of semi-killed steel, 0-016 to 0-60°, of 
copper, 0-003 to 0.48%, of nickel, up to 0-14°, of chromium, 
up to 0-041% of molybdenum, and 0-01 to 0-124°. of tin 
had little or no effect on the tensile strength, but tended to 
raise the yield point. In general, the presence of residual 
elements in the amounts stated above had no detrimental 
effect on the normal physical properties of carbon steel plate. 

R. A. R. 

A Study of Factors Affecting Surface Quality of Various 
Steel Products. L. R. Walker. (American Institute of Mining 
and Metallurgical Engineers, 1949, Open Hearth Conference 
Proceedings, vol. 32, pp. 278-284). Small cracks on the surface 
of slabs for rolling into sheets of low-carbon steel for deep- 
drawing were prevented by increasing the soaking-pit tempera- 
ture by 35°F. The formation of scabs and ‘slivers’ was 
traced to splashes on the ingot mould walls during teeming. 
On increasing the size of ladle nozzle from 2 in. to 3 in. in dia. 
the faster rate of pouring caused the splashed metal to be 
remelted and also led to smaller additions of aluminium shot 
in the mould. Uncoated and cold moulds produced a bad 
surface on high-carbon rail steel ingots ; new moulds are now 
coated with molasses.—R. A. R 

Metal Fluidity for a Given Steel Is a Function Only of 
Temperature. G. M. Neagley, jun. (American Institute of 
Mining and Metallurgical Engineers, 1949, Open Hearth 
Conference Proceedings, vol. 32, pp. 287-295). Factors 
affecting the fluidity of molten iron and steel are discussed. 
Ingot iron is the most fluid of all the low-carbon iron—carbon 
alloys. Increasing the silicon from 0-25 to 0-60°%, markedly 
raises the fluidity. Up to about 0-2°%, of aluminium promotes 
fluidity when added to medium-carbon steels, but more 
aluminium (up to about 1-2°,) progressively decreases the 
fluidity. A number of curves relating fluidity to carbon 
content at different temperatures are presented.—k. A. R. 

Foaming in Acid Open-Hearth Ladle Slags Has No Connec- 
tion with the Gas Content of the Metal. T. J. Ondocsin. 
(American Institute of Mining and Metallurgical Engineers, 
1949, Open Hearth Conference Proceedings, vol. 32, pp. 
304-306). Experiments are cited which indicate that the 
tendency of a slag to foam is not dependent on the extent 
to which the steel has been killed. Slags varying widely in 
composition can be made to foam provided they are viscous. 

R.A. R. 
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The Reactions of Sulphur in Steelmaking. I—The Physica] 
Chemistry of Sulphur Removal in Steel Making. P. se ‘arter. 
(Journal of the Royal Technical College, 1950, vol. 5, Part I, 
pp. 190-198). This paper is mainly a pont of one 
presented before the Faraday Society (see Journ. I. and 8.1., 
1949, vol. 161, Feb., p. 150), but the effects of temperature 
and the basic slag are discussed at greater length and more 
detailed thermodynamic data are given.—R. A. R. 

Use Ps Oxygen in Sidérurgie. Present Situation and Pros- 
pects. G. Husson. (Société Frangaise de Métallurgie, Oct. 4, 
1949; Re vue de Métallurgie, Mémoire s, 1950, vol. 47, Jan., 
pp. 88-91). 

Vanadium as a Deoxidizer. S. L. Case. (Iron Age, 1949, 
vol. 164, Nov. 17, pp. 97-102). This paper is based on one 
by A. M. Samarin and A. Yu. Poliakov (Bulletin of the 
Academy of Sciences of the U.S.S.R.: Section of Technical 
Sciences, 1949, Jan., p. 100) and it compares their conclusions 
with those of J. Chipman (see Transactions of the American 
Society for Metals, 1934, vol. 22, pp. 385-435 ; “* Basic Open 
Hearth Steelmaking,” American Institute of Mining and 
Metallurgical Engineers, 1944, pp. 466-503 ; Metal Progress, 
1949, vol. 56, Aug., pp. 211-221). Chipman’s earlier studies, 
based on values of the heat of formation of V,O0,, had suggested 
vanadium to be a more powerful deoxidizer than silicon, a 
supposition not borne out in steelmaking practice : his later 
work had suggested that the oxide phase in the slag changed 
from V,O, to a spinel, FeO.V,O, at lower vanadium concen- 
trations. In the experimental work of Samarin and Poliakov, 
the oxidizing powers of vanadium were derived from a study 
of the relative behaviour of vanadium and silicon in molten 
steel subjected to slow oxidation while kept molten in a 
high-frequency furnace. The initial vanadium content, aimed 
at 1°,, varied from 0-64 to 1-25°, : the initial silicon content 
was deliberately varied from 0-14 to 1-86 In every case 
it was found that rapid removal of vanadium from the melt 
did not begin until most of the silicon had been oxidized ; 
during a holding period when 80°, of the silicon was removed 
(a fall from 0-36 to 0-08°,), only 18°, of the vanadium 
went into the slag (a fall from 1-18 to 0-97°,). Associated 
with the final rapid removal of vanadium after the removal of 
the silicon was a change in the slag, from a liquid state to a 
solid, spongy state; the liquid slag proved to be mainly 
composed of silicates, the solid, of iron—vanadium spinel, 
FeO.V,0;, and silicates of iron, magnesia, etc. Melts con- 
taining vanadium but very low in silic on also produced solid 
slags of similar composition. From these experimental data 
Samarin and Poliakov conclude that: (1) Silicon exerts a 
retarding influence on the oxidation of vanadium, where both 
are present in liquid iron ; when the vanadium is below 1°, 
intensive oxidation will not begin until the silicon has fallen 
below 0-1%, ; and (2) the slag produced in this oxidation is 
most probably FeO.V,0;; this ensures the production of a 
solid slag. They are also able to establish equations for the 
equilibrium constant of vanadium oxidation, and for the 
thermodynamic functions involved ; the equilibrium constants 
for vanadium oxidation have been worked out for te mpera- 
tures of 2910° F. (1600° C.), 3000° F. (1650° C.), and 3090° F, 
(1700° C.), and are approximately 13, 11, and 10 times, 
respectively, as great as those for silicon oxidation. This state 
of affairs appears to agree with the known behaviour of 
vanadium in steelmaking processes.—J. P. s. 

— Largest Steel Works. (Steel News, 1949, Nov., 
pp. 4-5). A brief account, with several illustrations, is given 
of some of the principal features of the Appleby-Frodingham 
Steel Company’s works at Scunthorpe where extensions are 
in progress.—R. A. R. 

Some Notes on the a of Tonnage Steel Melting in 
the Electric Furnace. H. McQuaid. (Iron Age, 1949, 
vol. 164, Dec. 8, pp. ‘ean. The author considers that the 
large modern top-charged electric-arc furnace, when operated 
at its point of maximum production, can produce more tons 
of steel from second-grade cold scrap than the open-hearth 
can produce from hot metal and heavy melting scrap. The 
amount produced will depend on furnace de sign and layout, 
and the cost will depend on the cost of scrap, power, and 
electrodes in the one case, and hot metal, scrap, and fuel oil 
in the other.—J. P. s. 

The Development of Electric Steel Production in the United 
States of America with Special Reference to Metallurgical 
Questions. F. Sommer. (Stahl und Eisen, 1949, vol. 69, 
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Dec. 8, pp. 915-923). Developments in electric furnace steel 
practice in the U.S.A. are reviewed, and suggestions are made 
as to the directions in which some of their improvements 
might be applied or tried out in German practice.—R. A. R. 

Graphite Stool Inserts for Big-End-Down Molds. W. E. 
Black. (Iron and Steel Engineer, 1949, vol. 26, Sept., pp. 
140-142). The advantages of electric furnace graphite over 
carbon for stool inserts in ingot moulds are reviewed. The 
design of the inserts and factors affecting their wear and life 
are discussed. Operational results over a number of years 
led to the following conclusions: (a) Graphite inserts cast 
into iron stools gave better service life than those that were 
insulated or fitted and cemented into a stool cavity ; (b) 
rimmed steel was less erosive on graphite inserts than semi- 
killed or killed steel ; (c) graphite inserts had no effect on steel 
quality ; and (d) stool stickers were almost eliminated with 
cast-in graphite inserts.—J. C. R. 


FOUNDRY PRACTICE 


Desulphurizing Cupola-Melted Hot Metal by Ladle Treatment 
with Alkalis. E. P. Best. (American Institute of Mining and 
Metallurgical Engineers, 1949, Open Hearth Conference 
Proceedings, vol. 32, pp. 46-55). The method developed by 
A. M. Byers Co. for removing sulphur from cupola metal in 
the ladle is described in detail. About 23 tons of hot metal 
tapped from a battery of three cupolas are poured into a 
conventional open-top ladle which is the last of a train of 
three ladles ; as it is filled three or four 100-lb. cans of sodium 
hydroxide are added at intervals. The sodium hydroxide 
melts to form the desulphurizing slag which reacts violently 
with the metal. Metal and slag are then poured slowly and 
deliberately into the next ladle which is hooded ; the slow 
pouring causes intimate mixture of the metal and slag. The 
emptied ladle is returned to its truck and moved back to the 
cupola tapping station. The hooded ladle is provided with 
a nozzle in the side so that, on tipping the ladle, the de- 
sulphurized metal can be bottom-poured into the ladle, the 
third one in the train, for transfer to the Bessemer converter. 
This procedure enables 90% of the sulphur to be removed. 

The chemical aspects of the process and its cost are dealt 
with. To reduce the sulphur from 0-10-0-15% to 0-030— 
0-035%, requires about 7-4 lb. of sodium hydroxide per short 
ton of iron.—R. E. 

Applications of Oxygen-Enriched Air in the Foundry. W. C. 
Newell. (Fonderie, 1949, Aug., pp. 1703-1708). A theoretical 
review is presented of the principles underlying the use of 
oxygen-enriched air. Reasons are given for its successful 
use in cupola practice and in the side-blown converter. 

J.C. R. 

Melting Steel Scrap in the Cupola : A Bibliography. (Bulletin 
and Foundry Abstracts of the British Cast Iron Research 
Association, 1950, vol. 10, Jan., pp. 146-149). This biblio- 
graphy covers the period 1917—1946.—-J. c. R. 

Analytical and Experimental Studies of Ladle Hooks. ©. W. 
Muhlenbruch. (Iron and Steel Engineer, 1949, vol. 26, Oct., 
pp. 53-69). This is a report of an investigation on ladle hooks 
to study their design, the method and technique of fastening, 
and the type of load which might affect their behaviour in 
service, and to carry out tests on several types of hook to 
determine if unsuspected operating conditions might be 
causing some failures in service. Data obtained are presented 
and discussed, and the following are among the conclusions 
reached : (a) Hot-riveting and edge welding should be com- 
bined in ladle-hook fabrication to provide a connection that 
offers the greatest resistance to the effects of heating and 
cooling of the hook ; the riveting should be done after welding 
has been completed and the rivet holes reamered to size : 
(b) normal design procedures satisfactorily predict stresses 
that are set up; (c) temperatures up to 1000° F. may be 
reached on the surface of the shank of a hook used to lift an 
unkilled heat. No evidence was deduced from metallographic 
and physical studies of an old hook that failure of surface 
plates was due to metallurgical effects of high temperature ; 
(d) high temperature on the hot side of a ladle hook causes it 
to increase in length, throwing the trunnion load on to the 
cold side. Transverse bending of the hook results and peak 
stresses are greater than normal ; and (e) temperature stresses 
can be reduced or eliminated by placing a }-in. steel plate 
over the entire hook surface on the hot side.—s. c. R. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 


AISE Standard No. 7. Specifications for Design of Ladle 
Hooks. (October 2, 1949). (Iron and Steel Engineer, 1949, 
vol. 26, Oct., pp. 70-71). 

The Properties and Production of High-Strength Cast Irons. 
G. Joly. (Fonderie, 1949, July, pp. 1649-1663). Part I of 
this paper deals with the structure of high-strength cast irons 
and discusses the constitution of the matrix and the influence 
of lamellar graphite. Part II considers the part played by 
the constituent elements of unalloyed irons and the influence 
of various elements on the structure and properties of alloy 
east irons. Part III describes the production in the cupola 
of high-strength irons and refers particularly to the choice 
of raw materials, the composition of the charge, and the 
melting procedure.—J. C. R. 

Testpieces for Measuring Depth of Chill. G. Joly. (Fonderie, 
1949, Aug., pp. 1713-1714). Notes are presented on the shape 
and size of test-pieces for determining hardness depth in iron 
castings. According to the silicon content triangular or 
rectangular shapes are desirable. The ranges of content of 
other elements are indicated. Some factors influencing the 
accuracy of results are mentioned.—J. c. R. 

Late Ore Additions Not Detrimental to Surface Conditions 
of Castings. F. H. Allison, jun. (American Institute of Mining 
and Metallurgical Engineers, 1949, Open Hearth Conference 
Proceedings, vol. 32, pp. 295-300). The results of tests using 
acid open-hearth steel for large castings in dry sand moulds 
showed that short or long refining times and early or late 
additions of ore had no observable effect on the condition 
of the casting surface.—R. A. R. 

Annealing of Black Heart Malleable Iron. G. Joly. (Fon- 
derie, 1949, June, pp. 1624-1625). A short note is presented 
on the first and second stages of graphitization in the annealing 
of blackheart malleable iron, with an account of the heating 
and cooling cycle to be followed.—s. c. R. 

Cooling of Blackheart Malleable Iron. J. E. Rehder. (Cana- 
dian Metals and Metallurgical Industries, 1949, vol. 12, Dec., 
pp. 20-23, 29). The paper reports investigations on the 
critical temperature range in the cooling of blackheart 
malleable iron and the effect of the silicon on this range. The 
temperature range in which austenite, ferrite, and graphite 
co-exist in apparent equilibrium is raised and widened with 
increase in silicon content. In the silicon range of 0-75 to 
1-60% and at cooling rates of 7° to 30° F./hr., if pearlite 
appears, this will occur between 1360° and 1350° F. There is 
evidence that microsegregation of silicon in a dendritic pattern 
exists in malleable iron. The solid solution existing within 
the critical temperature range, and appearing as troostite or 
martensite on quenching, depending on the silicon contént, 
is believed to be austenite. The cooling rate between first- 
stage annealing temperature and the upper limit of the 
critical temperature range does not affect the extent or 
progress of the reaction in the critical temperature range, 
at least at cooling rates as high as 600° F./hr.—nr. a. R. 

Steel Foundry Practice in Canada. S. L. Gertsman. (Cana- 
dian Metals and Metallurgical Industries, 1949, vol. 12, Dec., 
pp. 12-15, 32, 34). The paper reports progress in research 
by a technical committee created by the Bureau of Mines, 
Ottawa, and the Steel Castings Institute of Canada (see 
“Research and Development in Canadian Steel Foundry 
Practice,” Journ I. and 8.1., 1950, vol. 165, May, p. 111). 

R. A. R. 

Precision Casting —A Method of Accelerating the Setting of 
Investments. P. E. Gainsbury. (Metal Industry, 1949, vol. 
75, Dec. 9, p. 497). A method is described by which the long 
drying times required to remove the excess liquid vehicle 
from investments used for precision casting high-melting- 
point metals and alloys can be considerably reduced. The 
technique depends primarily on the use of a set plaster of 
Paris moulding flask in place of one of metal or cardboard. 
The plaster of Paris quickly absorbs excess liquid (e.g., water 
or alcohol) from the investment slurry, causing rapid harden- 
ing of the mould.—k. A. R. 

Contribution to the Development of Applications of Centri- 
fugal Casting. P. Lefranc. (Fonderie, 1949, June, pp. 1609- 
1617). After considering the different systems of centrifugal 
casting the author discusses some of the fields of application. 

J.C. R. 

Centrifugal Tubular Castings for Industry. E. M. Anger. 
(Iron and Steel Engineer, 1949, vol. 26, Oct., pp. 90-95). 
An illustrated account is presented of the centrifugal casting 
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of alloy steel shapes and tubes up to 17 ft. in length and 20 in. 
in dia. and shorter lengths of greater diameters, with weights 
up to 14,000 lb. The castings are made in the horizontal 
position with sufficient pressure to produce a solid section 
without seams, cracks, or central shrinkage. Some of the 
varied shapes produced by this method which have proved 
satisfactory in service are described and illustrated.—z. c. R. 


HEATING FURNACES AND SOAKING PITS 


The Coke-Fired Downjet Furnace. I’. F. Ross and G. C. H. 
Sharpe. (Coke and Gas, 1949, vol. 11, Nov., pp. 389-394). 
A description is given of the Downjet coke-fired furnace, 
developed by the British Coal Utilisation Research Associa- 
tion, and of its application for steam generation, heat- 
treatment, heating of small forgings, and mould drying. In 
this furnace, coke is fed by gravity from a closed hopper to 
form a bed inclined at the angle of repose. Air is blown 
downwards through a vertical pipe with an inclined variable- 
aperture nozzle at the bottom. Independent control of air 
quantity and jet velocity is achieved by adjusting the fan 
damper and the nozzle opening. No secondary air is needed 
and the combustion-chamber volume is small. The fuel feeds 
continuously from the hopper. Slag particles do not wet 
the coke, but coalesce to form clinker which is removed 
through the ash door. This furnace is attractive because of 
the high air preheat that is permissible.—R. A. R. 

Furnace Design and Practice. R. J. Sarjant. (Institution 
of Mechanical Engineers, Dec., 1949, Advance Copy). The 
author gives an account of some modern features of practice 
in furnace heating and discusses certain fundamental aspects 
of design which are of interest to the mechanical engineer. 

R.A. R. 

Maintaining Hearths in Heating Furnaces and Soaking Pits. 
C. N. Jewart. (Iron and Steel Engineer, 1949, vol. 26, Sept., 
pp. 116-121). The author describes results obtained with 
various refractory materials for the maintenance of the 
hearths of batch-type regenerative furnaces and _ single-, 
double-, and triple-fired continuous furnaces with recuper- 
ators.—J. C. R. 

Comparative Advantages of Modern Soaking Pits. EK. A. 
Brown, jun. (Industrial Heating, 1949, vol. 16, Nov., pp. 
1984-1996 ; Dec., pp. 2170-2178). See Journ. I. and S.L., 
1950, vol. 164, Mar., p. 365. 

High Speed Gas Heating. S. L. Case. (American Gas 
Association : Steel Processing, 1949, vol. 35, Aug., pp. 425- 
428 ; Sept., pp. 497-500 ; Oct., pp. 545-548 ; Nov., pp. 603- 
605). Data on the rates of heating steel bars of different 
sizes are presented and detailed descriptions are given of 
slot-type and cup-shaped ceramic gas burners for high-speed 
heating. In the second part, eight examples of high-speed 
gas-fired heating installations for applications such as heating 
the ends of bars for forging, heating connecting-rod blanks, 
annealing stainless steel tubes, and hardening gear teeth are 
described. In the third part two examples of gas-heated 
brazing equipment are described, data on gas consumptions 
in some of the previous examples are given, and the economics 
of induction and high-speed gas heating are compared. In 
the concluding part certain applications for high-speed gas 
heating which would reduce scaling losses are pointed out. 

R. A. R. 

H.F. Heating Speeds Steel Forging. (Electrical Times, 1950, 
vol. 117, Mar. 9, pp. 355-362). An illustrated description is 
presented of the new press-forge plant at the Bromsgrove 
works of John Garrington and Sons, Ltd. The plant is almost 
entirely electrically operated and high-frequency electric 
induction heating is used. The electrical aspects of the plant 
are described in detail.—s. c. R. 

High Frequency Induction Heating—The New Forge at 
John Garrington & Sons Ltd. (Metallurgia, 1949, vol. 40, 
Oct., pp. 332-334). At the Bromsgrove Works of John 
Garrington & Sons Ltd., 12 new forging presses for the 
mass production of forgings for motor cars and tractors have 
been installed. To ensure a steady supply of uniformly heated 
billets as well as clean working conditions high-frequency 
induction heating equipment has been applied. The generators 
and furnaces are described and illustrated. Two frequencies 
of 3000 and 10,000 per sec. are employed for the large and 
small billets respectively. Channel-shaped coils are available 
for all sizes of billets in increments of } in., and, provided 
that the right size of coil is used, the power consumption 
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varies from about 500 kWh./ton for the smallest to 400 
kWh./ton for the largest billets. Billets 4 in. square are 
heated in 7 min.—R. A. R. 

How Oldsmobile Uses Induction Heat for Forging. W. L. 
Mautz. (Iron Age, 1949, vol. 164, Nov. 17, pp. 81-85). 
Induction heating is used on a large scale by the Oldsmobile 
forge plant at Lansing, Michigan ; stock is, in general, 14—2 in. 
in dia, and 2000-cycle motor generators are used to supply 
power to the heaters. Typical forged parts are connecting 
rods, pinion blanks with upset ends, and shafts with upset 
portions. J.P. 8. 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


Performance of Radiant Tube Furnaces. E. A. Dooe. (Steel 
Processing, 1949, vol. 35, Dec., pp. 655-656). Heat-treatment 
furnace installations for motor-car and lorry leaf springs at 
the works of Detroit Steel Products Co., are described and 
illustrated. Some of the furnaces, all of which employ radiant 
tube heating and ‘DX’ protective atmosphere, have given 
15 years’ satisfactory service.—R. A. R. 

Dual-Purpose Salt Bath Cuts Steel Processing Costs. C. M. 
Campbell. (Materials and Methods, 1950, vol. 31, Jan., pp. 
62-63). In the manufacture of motor-car bumper brackets 
at the Chevrolet-Saginaw Division of General Motors a single 
salt bath is used for both descaling and tempering after 
hardening. The brackets, suspended from a monorail con- 
veyor, pass through a long bath containing an alkaline 
descaling salt held at 1050° F. by immersed electrodes. 

R. A. R. 

Selection of Steel for Automobile Parts. Part I—Intro- 
duction to Hardenability. J. Geschelin. (SAE Journal, 1949, 
vol. 57, Aug., p. 17). The selection of steels by hardenability 
rather than composition is advocated for automobile parts, 

ee 

Selection of Steel for Automobile Parts. Parts II, III, IV, 
V, and VI. A. L. Boegehold. (SAE Journal, 1949, vol. 57, 
Sept., pp. 25-28; Oct., pp. 33-38; Nov., pp. 39-48; Dec., 
pp. 29-31 ; 1950, vol. 58, Jan., pp. 47-51). In Part II charts 
are presented showing the relation between tensile strength 
and hardness for automobile parts, and the limits of hardness 
for several important components are shown. The use of the 
end-quench hardenability test is explained in Part III and 
curves are presented which indicate how the hardenability 
is affected by changes in the contents of manganese, chromium, 
silicon, and nickel. Purchasing steel within a given hardena- 
bility range instead of within a composition range is discussed. 
Part IV presents bar-diameter/cooling-rate and hardness 
distance-from-quench-end curves and explains their use for 
the selection of a steel for a given purpose. In Part V cross- 
section hardness curves for a nickel-chromium—molybdenum 
steel are shown and their use explained. In Part VI examples 
are given of cases where the new hardenability band specifica- 
tions are inadequate to meet the requirements.—R. A. R. 

Selection and Heat Treatment of Forming Tools. N. LI. 
Stotz. (Metal Progress, 1949, vol. 55, May, pp. 652-656). 
Principles affecting the choice of steels for the following 
classes of tools and dies are discussed : plastic deforming 
tools (hot), die-casting and permanent mould dies, forming 
and trimming dies, punches and chisels, and shear knives. 

7. Os 

Practical Heat Treatment of Tool Steels. H. B. Chambers. 
(Canadian Metals and Metallurgical Industries, 1949, vol. 12, 
Dec., pp. 8-11, 36). Recommendations are made on heat- 
treatment practice for tool steels.—Rr. A. R. 

Some Aspects of Salt Bath Furnaces Discussed in Their 
Application to the Wire Industry. B. M. Pearson. (Wire 
Industry, 1949, vol. 16, Oct., pp. 811-813; Nov., pp. 889- 
893; Dec., pp. 973-974). The advantages of molten salt 
baths heated by immersed electrodes for annealing’ coils of 
wire in gauges from 0-020 to 0-250 in. are pointed out ; they 
include absence of decarburization, scaling, and pitting, less 

floor space, low labour costs, and no explosion hazard. The 
design of the circuits and the spacing of the electrodes propels 
the molten salt by electrodynamic forces from each electrode 
pair into the work zone of the bath. Some installations, 
particularly for the heat-treatment of coils of wire, and their 
operation are described, German practice is discussed. In a 
bath 67 in. x 55in. x 67 in. salt depth, treating thirty 1000-lb. 
loads, each of eight coils of wire, per day, with the bath 
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maintained at 1280° F. and each load immersed for 30—40 min. 
the furnace consumes power at the rate of 195 kW./hr. 
BR. A: RB. 

Methods of Measuring Case Depth of Steel. (SAE Journal, 
1950, vol. 58, Mar., pp. 51-54). Procedures recommended 
by the Society of Automotive Engineers for measuring the 
depth of case on case-hardened steel are described. The 
effective case depth is defined as the perpendicular distance 
from the surface to a point of hardness equivalent to Rock- 
well C 50.— R. A. R. 

Present Position of the Induction Hardening of Gear Wheels. 
M. Ulrich and H. Glaubitz. (Zeitschrift des Vereines deutscher 
Ingenieure, 1949, vol. 91, Nov. 15, pp. 577-583). Methods of 
testing the wear resistance and strength of hardened gear 
teeth are briefly described and the results of hardness surveys 
and impact and bend tests on induction-hardened teeth are 
presented and compared with results of similar tests on pack- 
carburized and cyanide-hardened gear teeth.—nR. A. R. 


The Strength and Wearing Properties of Flame-Hardened 
Gear Wheels. M. Ulrich and H. Glaubitz. (Zeitschrift des 
Vereines deutscher Ingenieure, 1949, vol. 91, Nov. 15, pp. 
584-587). Test data are presented showing the hardness 
gradients from surface to core, ‘ slow bend ’ strength, fatigue 
strength, and impact strength of flame-hardened gear teeth, 
and in some cases these are compared with tests on pack- 
carburized gear teeth. Excellent results are obtainable with 
flame-hardening, and there are instances where this technique 
produces better results than are possible with any other 
method of hardening.—R. A. R. 

Manufacturing Controls of Large Steel Forgings. T. Gardner. 
(Iron Age, 1949, vol. 164, Dec. 29, pp. 46-48). Careful control 
of heating and forging is essential in the production of large 
parts of alloy steel. Cooling after forging requires care to 
avoid the formation of flakes. A ‘ de-flaking ’ cycle may be 
practised ; this consists of cooling the forging in air to 600- 
700° F. (316-370° C.) maintaining it at this temperature for 
6 hr., reheating to 1200—1250° F. (650—-680° C.) and holding 
for at least 10 hr. or 1 hr./in. of cross-section. Slow cooling 
to 400° F. (205° C.) follows. The use of supersonic methods 
for the detection of cracks, flakes, and inclusions is also 
described in this article.—J. P. s. 

Scale Reduction in Controlled Atmosphere -_ Annealing. 
oA; Payntor. (Iron Age, 1949, vol. 164, Dec. 15, pp. 86-90). 
A furnace is described for the simultaneous descaling and 
annealing of forgings. It is heated by radiant tubes fired 
by natural gas: the furnace atmosphere contains 21% of 
hydrogen, 12% of carbon monoxide, 5°, of carbon dioxide, 
and 0-4°% of methane, the remainder being nitrogen.—J. P. $s 

Annealing Stainless Clad Steel Sheets. EK. W. Weaver. 
(Iron Age, 1949, vol. 164, Nov. 24, pp. 77-80). A new furnace 
has been designed for annealing stainless clad sheets in thin 
it is of radiant tube design, and the work moves 


gauges : 
An air quench is applied 


through on disc rollers of alloy steel. 
at the discharge end.—J. P. s. 

The Annealing of Metals in Protective Atmospheres. W. 
Baukloh. (Metalloberflaiche, 1949, vol. 3, Sept., pp. a165- 
A170; Nov., pp. Al97-a203). In the first part the author 
discusses the physical-chemical conditions under which a gas 
mixture becomes a protective atmosphere in relation to 
metals. For economic reasons recourse is usually had to mix- 
tures containing varying amounts of nitrogen, hydrogen, CO, 
CO,, H,O, C,;Hy, and traces of sulphur compounds. The 
problem of producing a protective atmosphere is to bring 
these together in such proportions that the mixture is reactive 
in relation to the metal. This is comparatively easy when 
the metal has little affinity for oxygen and no solubility for 
carbon, e.g., with copper. It is more difficult with carbon 
and alloy steels. In the second part the processes for prepar- 
ing the atmospheres are discussed. A table gives suitable 
atmospheres and furnaces for 16 metals and alloys, and two 
typical annealing installations are described.—k. A. R. 

Articulation of Alloy Steel Fixtures to Withstand Quenching 
Stresses. G. C. McCormick. (Industrial Heating, 1949, vol. 3, 
Oct., pp. 1782-1793; Dec., pp. 2140-2146). The design of 
trays to hold castings in heat-treatment furnaces and quench- 
ing tanks is considered from the point of view of resisting 
distortion. Two designs of tray, one extensively articulated 
and the other partly articulated, are shown. The former is 
recommended for batch-type units in which one tray does 
not push the one in front. The latter is less expensive in 
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initial cost as well as maintenance. Examples of different 
designs of trays and baskets are described.—R. A. R. 


FORGING, STAMPING, DRAWING, AND PRESSING 


Product Possibilities for the Cold Heading Process. (Product 
Engineering, 1949, vol. 20, Dec., pp. 108-111). The types 
of part which it is advantageous to make by cold heading 
are described with data on the limits of size, shape, and 
amounts of upset, and the tolerances.—R. A. R. 

The Development of a Spring Foundation for Forge Ham- 
mers. J. Henderson and C. E. Iliffe. (North-East Coast 
Institution of Engineers and Shipbuilders, Dec., 1949, 
Advance Copy). The need for anti-vibration mountings for 
a 5-cwt. and a 20-cwt. electro-pneumatic forging hammers 
at a particular site is explained, and the design and con- 
struction of a 95-ton all-steel block, suspended on four leaf 
springs arranged one at each corner for the heavier hammer, 
are described. The calculations by which the weights of the 
block were determined are given.—R. A. R. 

Heavy Forging Manipulators. A. V. Flinn. (Journal of 
The Iron and Steel Institute, 1950, vol. 164, Apr., pp. 463- 
474). A description is given of rigid-type forging manipulators, 
which can be used to handle most articles produced in the 
forge. The machines are classified as * low,’ *‘ semi-high,’ and 
‘high,’ according to the height of the peel centre-line from 
the shop floor-level. Low-type manipulators are those up to 
6000 Ib. capacity, whilst semi-high and high machines have 
capacities in the range 10,000-40,000 Ib. The four types of 
manipulator are described, viz., straight-line type ; straight- 
line revolving type ; straight-line bridge type, and revolving- 


trolley bridge type. These may have three or more of the 
following seven motions: Tongs gripping, peel rotating, 


hoisting, levelling, slewing, traversing, and bridge travelling ; 
a brief description of these motions is given. Mechanical 
handling has been incorporated in many shops, particularly 
in America, and some plant layouts are suggested. Figures 
showing outputs before and after the installation of manipu- 
lators prove their value. 

Electric Forging. (British Engineering, 1949, vol. 32, Dec., 
pp. 905-910). Descriptions are given of four electric upsetting 
machines and two electric billet heaters made by Omes Ltd., 
of London. In the upsetting machines, the work-piece is 
held in a simple hydraulic clamping device which forms one 
electrode, and a hydraulic ram forces the end of the piece 
into contact with an anvil head which forms the other 
electrode, both electrodes being water-cooled. A heavy 
electric current at low voltage is passed through the section 
of piece to be upset, and, as soon as the necessary temperature 
is reached, the upset is automatically formed. Rapid and 
efficient heating with very little scale, low handling costs, and 
equal temperature throughout the section are among the 
advantages of using these machines.—R. 4 

Die Sinking for Drop Forging. Part vi ~-Automatic Die 
Sinking. J. Mueller. (Steel Processing, 1949, vol. 35, Dec., 
pp. 645-647). Continuation of a series of articles (see Journ. 
I. and 8.I., 1950, vol. 164, Apr., p. 491). Illustrated descrip- 
tions are given of two Cincinnati die-sinking machines with 
hydraulic automatic depth control. The preparation of 
master patterns in gypsum-base compounds, and proprietary 
materials such as Hydro-stone, Super Tamastone, and Cerro- 
matrix is also dealt with,—r. A. R. 

Sheet -Metal As a Substitute for Other Materials. J. A. 
Grainger. (Journal of the Institution of Production Engineers. 
1949, vol. 28, Dec., pp. 634-651). The processes and time 
involved in making articles by casting and by steel sheet 
pressing are compared, with special reference to a saucepan, 
a bracket with two slotted lugs, and a petrol tank filler cap. 
Uses for sheet metal in place of drop forgings are also 
described. Finally, the finishes which can be produced on 
sheet metal and the manufacture of steel furniture are 
discussed.—R. A. R. 

New Criteria for — the ew Performance of ed 
Drawing Sheets. W. T. Lankford, C. Snyder, and « 
Bauscher. (American Boe iety for Me “eh Oct. 1949, Pre nator 
No. 30). An account is presented of an investigation into the 
performance of deep-drawn steel sheets. Isotropic material 
was best suited to symmetrical formations, but material with 
a considerable degree of plastic anisotropy often gave better 
press performance where unsymmetrical formations were 
concerned, A good correlation was found between plastic 
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anisotropy and magnetic anisotropy, indicating that the 
former arose from preferred crystallographic orientations. It 
is suggested that for optimum press performance, plastic 
anisotropy characteristics must be suitable for the symmetry 
of the forming operation.—J. c. R. 

Low-Cost Precision Stampings. T. A. Dickinson. (Steel 
Processing, 1949, vol. 35, Dec., pp. 638-640). A detailed 
description is given of the making of Kirksite (an aluminium— 
zine alloy) dies for stampings, using plaster patterns and fine- 
textured sand with about 30% clay and 5% moisture. 
Gravity drop hammers are employed, and in some cases the 
need for intermediate dies has been eliminated by an adapta- 
tion of the Guerin process in which rubber blankets or 
pressure pads serve as tooling components.—R. A. R. 

An Engineer’s Survey of the Impact Extrusion Process. 
R. Hanes and E. G. Gameson. (Institution of Production 
Engineers, 1949, vol. 28, Dec., pp. 652-664). Descriptions 
are given of impact extrusion processes which can be applied 
for the rapid production of certain hollow or tubular articles 
from a slug of metal with a high capacity for plastic deforma- 
tion, e.g., tin, lead, aluminium, copper, alpha brass, zinc, and 
mild steel. The principles involved, the tools, lubrication, 
advantages, and difficulties are discussed. 

Designing Tools for Cold Roll-Forming. RK. T. Angel. (Iron 
Age, 1949, vol. 164, Nov. 3, pp. 83-88). This article discusses 
the production from strip by cold rolling of various complex 
sections, such as edge trimming, window moulding, and 
weather stripping. The basic principles for the design of 
rolls are laid down, together with formule for calculating 
the number and shape of passes.—J. P. Ss. 

Determining the Power Required for Drawing Steel Bars. 
F. Boehm. (Stahl und Eisen, 1949, vol. 69, Dec. 8, pp. 931- 
938). Since the actual power requirements cannot be calcu- 
lated from the drawing force because the losses in trans- 
mission are not known and are not constant, measurements 
have been made of the power consumptions of draw-bench 
motors in the drawing of free-machining steel, unalloyed steels 
of different carbon content, tool steel, and stainless steel, 
under various drawing conditions. A method is described by 
which the derived drawing power in relation to the reduction 
in section can be calculated for different drawing speeds. 
From this, the expected power requirements in kilowatts 
can be obtained, using the strength increment curve ; the 
method is valid for steels of 44 to 75 kg./sq. mm. initial 
tensile strength, between 12 and 80 mm. in dia. at drawing 
speeds of from 1] to 25 m./min. Formule are developed for the 
effects of the four most important factors, drawing speed, 
initial strength, initial diameter, and reduction, on the 
power requirements. Other useful calculations and an example 
of their application in the drawing shop are given.—R. A. R. 

Cold-Worked Metals and Fatigue. R. Saxton. (Metallurgia, 
1949, vol. 41, Nov., pp. 32-33). The different effects of tensile 
testing and cold-drawing wire are pointed out ; the former is 
cold working by direct strain, and the latter is cold working 
by lateral compression. Wear occurs with carbide wire- 
drawing dies where the material contacts the approach angle. 
To eliminate it without detriment to die diameter, it is 
recommended to impart a 12° approach angle for a distance 
of about 7 in., which furnishes a 20-22° angle for at least 
4 in. To work with this the entering angle should be opened 
to 35°.—R. A. R. 

The Production of Sewing-Machine Needles for the Clothing 
Industry. J. F. Wallenstein. (Stahl und Eisen, 1949, vol. 69, 
Dec. 22, pp. 943-948). After a general review of the different 
types of needle, the production of sewing-machine needles 
in Germany is described.—Rr. A. R. 

The Requirements for Wire for Sewing-Machine Needles. 
B. Schmetz and H. Kensche. (Stahl und Eisen, 1949, vol. 
69, Dec. 22, pp. 948-958). The properties required in the 
raw material for making sewing machine needles are grouped 
into those governed by the conditions imposed by (a) sewing 
and (b) processes of manufacture. These are discussed and 
methods of testing wire to establish as far as possible whether 
it meets the requirements are described.—R. A. R. 


ROLLING-MILL PRACTICE 


Electrical Equipment for a Modern Rod Mill. F. R. Burt. 
(Iron and Steel Engineer, 1949, vol. 26, Oct., pp. 110-114). 
An illustrated description is given of electrical equipment for 
use with modern continuous rod mills.—J. Cc. RB. 
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Steel Section and Bar Profiles. B. Weissenberg. (Stahl und 
Risen, 1949, vol. 69, Dec. 8, pp. 924-931). The general question 
of rolled steel sections and bars is reviewed, and after some 
statistical and historical information on structural steels, the 
author considers beams. After examining the many proposals 
for changes in beams, it is found better to stick to the old 
DIN (German Standards) sections. Some suggestions for 
improvements in other sections are made, and a reduction 
in the total number is advisable, but this should be done on 
an international basis ; a start has been made with respect 
to tubes, but rationalization is urgently required for building 
and railway material.—n. A. R. 

A Modern Rod Mill for Rolling Stainless Steels. E. T. 
Peterson, L. W. King, and E. C. Peterson. (Iron and Steel 
Engineer, 1949, vol. 26, Oct., pp. 99-109). After reviewing 
developments in rod-mill design the authors present a detailed 
and illustrated description of a new rod mill for rolling stain- 
less steel at the Rustless Division of the Armco Steel Cor 
poration.—J. C. R. 

Plate Mill Modernisation at Central Iron and Steel. J. 
Anthony. (Iron Age, 1949, vol. 164, Nov. 24, pp. 70-72). 
A new 28 in. by 78 in. blooming and slabbing mill, new soaking 
pits, and new continuous slab-heating furnaces have been 
installed by Central Iron and Steel Co., Harrisburg, Pa. A 
capacity of 45,000 tons/month of plate in sizes up to 126 in 
wide can now be attained.—J. P. s. 

Electronic Control of a Steel Mill Reel Motor in 1940. 
(Engineer, 1950, vol. 189, Apr. 7, pp. 426-427). A description 
is given of the electronic control for the reel motor at the 
three-stand tandem sheet mill at the Ebbw Vale Works of 
tichard Thomas and Baldwins, Ltd.—Rr. a. R. 

Cold-Rolled Sections—Some Aspects of Their Production 
and Their Applications in Industry. G. Warwick. (Sheet 
and Strip Metal Users’ Technical Association : Sheet Metal 
Industries, 1949, vol. 26, Nov., pp. 2341-2347). The problems 
arising in the design of sets of rolls for cold rolling sections 
of complicated shape are discussed and some rolling machines 
and many applications of these sections in motor cars, 
buildings, and the textile industries are described.—Rr. A. R 

Strip Slitter Installed by Tinnerman Cuts Inventory 60%. 
W. A. Lloyd. (Iron Age, 1949, Dec. 22, pp. 78-80). The 
installation of a strip slitter by a firm of manufacturers of 
quick-fastening nuts has made it unnecessary to carry a 
very large stock of raw material in strip form, as 700 separate 
width-sizes can now be slit from 13 basie stock sizes.—J. P. $ 


MACHINERY FOR IRON AND STEEL PLANT 


The Traffic of Iron and Steel Works—-The Application of 
Very High-Frequency Radio Communication. H. H. Mardon, 
H. A. Chapman, and M. D. Brisby. (Journal of The Iron 
and Steel Institute, 1950, vol. 164, Apr., pp. 425-438). This 
paper briefly examines the present methods of operating rail 
traffic in iron and steel works and concludes that many 
advantages can accrue from the use of radio communication 
within the system. 

Facilities for very high-frequency (VHF) radio communica- 
tion already exist under the control of the G.P.O., and 
available equipment and operating procedure are reviewed 
in some detail in the light of the known requirements of the 
iron and steel industry. Mobile transmitter powers might be 
reduced below the present available level of 10 W., but further 
work will be necessary before a firm recommendation can 
be made. The question of power supplies is examined in 
detail, and a 350-W. steam turbo-generator, as at present 
in use on British Railways, is suggested as a power unit for 
steelworks steam locomotives equipped with radio. Brief 
details of probable costs are included. 

A Proposed Method of Specifying Travel-Motion Performance 
for Steelworks Overhead Cranes. D. A. Wise and L. N. 
Bramley. (Journal of The Iron and Steel Institute. 1950, 
vol. 164, Apr., pp. 439-451). An attempt has been made to 
provide an alternative method of specifying travel-motion 
performance, as the present method, the specification of 
geared speeds, is considered to be inadequate. 

An analysis has been made of the performance charac- 
teristics of 68 travel motions. From this analysis a method 
of assessing travel-motion performance has been evolved to 
take into account both the initial acceleration and the speed 
of the motions. As a result, long-travel motions have been 
grouped into five performance classes, and cross-travel 
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motions into three performance classes. This classifica- 
tion should enable the purchaser to classify his own cranes 
and to order new ones to the performance standard he 
requires. The standardization of performance achieved by 
this classification should also assist the crane makers. It is 
intended that this new method should be used only when 
the purchaser is unable to formulate a duty cycle for a 
crane, since it is generally agreed that the latter is the best 
method by which a purchaser can specify performance 
requirements, but it is not possible for the majority of steel- 
works cranes. 

In formulating the new method it was considered to be 
basically important that the purchaser should give a pure 
performance specification to the crane maker, and also that 
the method should lend itself to simple acceptance tests. 
The quantitative classification described has been included 
also in the British Iron and Steel Research Association 
specification for heavy-duty cranes, which is shortly to be 
issued. 

Applying Bearings to Crane Bridge Trucks. H. Sandberg. 
(Iron and Steel Engineer, 1949, vol. 26, Sept., pp. 114-115). 
The use of one-piece bronze bearings for crane bridge trucks 
gives good service despite heavy shock loading. It is claimed 
that it overcomes the weaknesses of two-piece split bearings 
by keeping out dirt and retaining the lubricant by oil seals. 

J.C. R. 

Maintenance Symposium on Present Day Production 
Systems. V. Frazier. (Iron and Steel Engineer, 1949, vol. 26, 
Sept., pp. 65-66). The importance of plant maintenance in 
relation to high-level production is stressed in this introduction 
to the following papers : 

Crane Maintenance. J. M. Richardson. (Jbid., pp. 66-67). 
The work of the department dealing with the maintenance 
of overhead cranes in steelworks is described. 

Cold Mill and Pickling Equipment Maintenance. K. T. 
Brady. (Ibid., pp. 67-70). The maintenance of plant used 
in the cold rolling and pickling of strip steel is described. 

Boiler Maintenance—Feed Water Treatment. L. F. 
Collins. (Ibid., pp. 70-72). 

The Metallurgy of Steel Plant Maintenance. R. E. 
Crassweller. (Ibid., pp. 72-73). This paper deals briefly 
with the selection of the best type of steel for a specific 
application within the steelworks and the proper treatment 
of it so that it will withstand the demands likely to be 
made on it in service.—J. C. R. 

Symposium on Steel Plant Maintenance Practice at the Ford 
Motor Company. (Iron and Steel Engineer, 1949, vol. 26, 
Sept., pp. 74-81). The following papers were read and 
discussed at this symposium : 

Open Hearth Maintenance, by C. W. Conn. 

Fuel Economy through Maintenance, by B. D. Barnes. 

Electrical Maintenance, by F. Groven. 

General Maintenance, by A. Cullen. 

Orderliness and Cleanliness, by E. C. White. 

Buffalo Maintenance Symposium—1948. (Iron and Steel 
Engineer, 1949, vol. 26, Sept., pp. 103-109). The following 
papers were presented and discussed at this symposium : 

Training of Maintenance Personnel, by D. W. McLean. 

Plant Maintenance—General, by G. E. Kamerer. 

Hard Surfacing in Mechanical Maintenance, by R. F. 
Fallon. 

Low Voltage Distribution System in a Steel Plant, by 
P. B. Mansfield. 

Uses of Portable Recording Meters, by G. H. Caswell. 

Centralized Lubrication of Cranes, by A. E. Mould. 
Establishing a Preventive Maintenance Program. G. T. 

Wright. (Iron and Steel Engineer, 1949, vol. 26, Sept., p. 110). 
A brief account is given of a system of inspection and reporting 
for the proper maintenance of rolling-mill plant.—v. c. R. 

Industrial Diesel Electric Locomotive Maintenance. L. W. 
Wells. (Iron and Steel Engineer, 1949, vol. 26, Sept., pp. 
111-114). A system of regular inspections and the keeping 
of records for the maintenance of diesel electric locomotives 
in steel plants is described.—s. c. R. 

Maintenance of Lifting Magnets. K. J. Doll. (Iron and 
Steel Engineer, 1949, vol. 26, Sept., pp. 122-124). An analysis 
is presented of the causes of mechanical and electrical failures 
of electric lifting magnets used in steel plants.—J. ©. R. 

Preventive Maintenance of Electric Oils. C. J. Egger. (Iron 
and Steel Engineer, 1949, vol. 26, Sept., pp. 125-132). Factors 
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affecting the choice of oils for circuit breakers, transformers, 
oil-filled cables, etc., are discussed, and an account is given 
of a system for removing impurities from these oils.—J. Cc. R. 
Large Scrap Metal Baling Press at the Works of Vauxhall 
Motors Ltd. (Machinery, 1950, vol. 76, Mar. 16, pp. 399-400, 
404). See Journ. I. and §.I., 1950, vol. 165, June, p. 240. 
Earth Leakage Protection for Underground Systems. K. S. 
Kuka. (Iron and Steel Engineer, 1949, vol. 26, Oct., pp. 72- 
77). A system is proposed for compensated ground leakage 
protection of the generators and feeders combined, of the 
power supply at a steelworks, wherein earth fault currents 
are reduced to a minimum harmless value so that a faulty 
feeder can be maintained in service for the short time required 
to make necessary change-overs. It is claimed that the system 
has all the advantages of a compensated reactance neutral 
earthing system even for a limited high-tension distribution 
network transmitting power at generated voltage.—s. co. R. 
Modern Sealing Devices for the Steel Industry. R. A. Kraus. 
(Iron and Steel Engineer, 1949, vol. 26, Sept., pp. 53-64). 
Illustrated descriptions are given of various types of seals 
used in steelworks for sealing bearings and moving parts. 
The material employed depends on the purpose for which 
the seal is required and the temperatures involved.—J. c. R. 
Design of a Large Vacuum Valve for Application to an 
Electric Furnace. W. F. Atkins and G. C. H. Jenkins. 
(National Physical Laboratory : Machinery, 1950, vol. 76, 
Mar. 9, pp. 351-352). A small high-frequency furnace installed 
in a large vacuum tank is used at the National Physical 
Laboratory for the production of high-purity iron (in amounts 
of 25 lb.). The equipment is evacuated by two rotary pumps 
through an 8-in. pipe with a valve, placed at an elbow in the 
pipe, to isolate the tank from the pump. This valve is described 
and a diagram is given. It is opened or closed by a straight- 
line pull and the final pressure is applied by means of a screw. 
Three vacuum seals are used to make the valve air-tight, and, 
when closed, the difference of pressures will automatically 
adjust the valve. This valve does not restrict the pumping 
rate at low pressures.—R. F. F. 


WELDING AND FLAME-CUTTING 


Automatic Testing of Arc Welding Electrodes. (Iron Age, 
1949, vol. 164, Nov. 24, pp. 73-74). An apparatus has been 
developed by the United States Naval Engineering Experi- 
ment Station at Annapolis, Md., for the automatic determina- 
tion of the usability of arc-welding electrodes: the human 
factor is entirely eliminated. An electrode holder travels on 
an inclined path so that, as the electrode, which is held 
perpendicularly, burns away, the arc length is maintained. 
By automatic control of the descent of the holder along its 
path a constant arc voltage is preserved.—4J. P. s. 

The Low Hydrogen Type Electrode. J. H. Humberstone. 
(Canadian Welding Society: Canadian Metals and Metal- 
lurgical Industries, 1949, vol. 12, Dec., pp. 16-19). A welding 
electrode (the E-6011) has been developed with the object 
of greatly reducing the hydrogen taken up in the welded joint. 
Its advantages are discussed in this paper (which is reproduced 
from “‘ Welding Arcs ”’). It can be used to produce good welds 
in free-machining steels, and for material which is to be 
enamelled.—R. A. R. 

Contribution to the Knowledge of the Distribution of 
Alloying Elements in Alloy Steel Electric Weld Metal. R. 
Knoepfel. (Eidgenéssische Technische Hochscule in 
Ziirich. Dissertation, 1949 : Buchdruckerei Effingerhof A.G., 
Brugg). Grooves in l-in. plain carbon steel plates were welded 
up with 18/8 stainless steel electrodes ; specimens were cut 
out and 0-5 to 0-1 mm. layers were removed in a lathe and 
subjected to microchemical analysis so as to study the dis- 
tribution of nickel, chromium, silicon, and carbon. The pro- 
cedures for determining these elements are given. The diffu- 
sion was confined to a distance of 8 mm. max. The fol- 
lowing changes in composition were determined in the 
weld metal and parent metal respectively : Chromium 17-82 
to 17-50% and 0-0103 to 0-0095% ; nickel 9-95 to 9-54% 
and 0-0018 to 0-0009% ; carbon 0-063 to 0-088% and 0-105 
to 0-114%; and silicon 0-330 to 0-275% and 0-075 to 
0-070%. The diffusion of nickel and chromium was sur- 
prisingly small having regard to the great difference in 
contents between weld metal and parent metal.—Rr. A. R. 

Weldability of Metals by Resistance Welding Techniques. 
W. A. Stanley. (Product Engineering, 1950, vol. 21, Feb., 
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pp. 88-91). The electric welding properties of the following 
materials are briefly discussed : Aluminium, stainless steel, 
galvanized iron, steel, tinplate, terneplate, and some non- 
ferrous metals and alloys. Tables are presented which indicate 
the degree of weldability of each of these materials to all 
the others.—R. A. R. 

New Welding Methods for ere. K. Krekeler. 
(Schweissen und Schneiden, 1949, vol. 1, Nov., pp. 189-193). 
The new methods of welding described include (1) the welding 
of plastics, (2) welding high-speed steel tips on carbon steel 
shanks, (3) submerged are welding, (4) the Elin-Hafergut 
process, and (5) spraying with the Schoop pistol. Oxygen 
lancing is also described.—R. A. R. 

Thick Aluminium and Stainless Steel Joined by New Inert- 
Gas-Shielded Metal Arc Welding. H. R. Clauser. (Materials 
and Methods, 1950, vol. 31, Jan., pp. 53-56). Semi-automatic 
hand equipment and fully automatic machine equipment for 
welding aluminium and stainless steel in thicknesses up to 
about 2 in. are described. The filler metal is coiled on a reel 
and is fed continuously at a controlled speed on to the work 
while the arc it makes is shielded with either argon or helium. 

R. A. R. 

Manufacture of Fusion-Welded Pressure Vessels by Babcock 
and Wilcox, Limited. (Engineering, 1950, vol. 169, Mar. 31 
pp. 344-346; Apr. 7, pp. 373-375). The Manufacture of 
Fusion Welded Pressure Vessels. (Engineer, 1950, vol. 189, 
Mar. 31, pp. 385-388). The manufacturing and testing pro- 
cesses for pressure vessels, developed by Babcock and Wilcox, 
Ltd., Renfrew, are described. All plate s over 2} in. thick are 
bent hot in an 8000-ton horizontal press. All drums except 
certain thin ones are welded by a multi-layer process, the 
submerged-are process being applied to the latter. Details 
are also given of the 2-million volt X-ray equipment and the 
stress-relieving furnaces.—R. A. R. 

Repair of Iron Castings. G. G. Musted. (Welding, 1949, vol. 
17, Dec., pp. 539-543). A recently developed method for 
repairing cast-iron sections by welding without any pre- 
heating other than warming to remove the chill is described. 
In brief, the method consists of using mild-steel tube to fit 
inside the joint or to be placed alongside the fracture and be 
welded to it with bronze electrodes. Several examples of 
successful repairs by this method are described in detail. 

R. A. R. 

Powder Cutting Buttons and Skulls. R. Smith. (Iron Age, 
1949, vol. 164, Nov. 24, pp. 68-69). Ladle buttens and skulls 
up to 60 in. thick are being cut by the powder-cutting process 
at the Pueblo scrapyard of the Colorado Fuel and Iron Co. 

Pe 


MACHINING AND MACHINABILITY 


The Organization and Work of the B.S.A. Group Machina- 
bility Research Laboratory. K. J. B. Wolfe and P. Spear. 
(Engineer, 1950, vol. 189, Mar. 24, pp. 352-354, Mar. 31, 
pp. 401-402). An illustrated account is given of the machina- 
bility research laboratory at the Birmingham works of the 
B.S.A. Group. This laboratory has been in existence for three 
years. The fields covered include the development of the 
complete range of cutting tools and tool materials, improve- 
ment of the machining properties of existing and new 
materials, determination of correct machining techniques, 
development of cutting fluids, and an advisory service on 
cutting fluids.—Rr. A. R. 

Strain Gage Dynamometer for Measuring Cutting Tool 
Loads. H. Rottersman, A. J. Bettinger, and W. P. Blake. 
(Iron Age, 1949, vol. 164, Sept. 29, pp. 55-61). The use of 
Baldwin SR4 electrical resistance strain-gauges to measure 
the forces acting on a lathe tool during turning is described. 

J.P..8. 

Three New Steels Offer Higher Machinability Rates. 
(Materials and Methods, 1950, vol. 31, Jan., pp. 51-52). 
Brief details are given of some new free-machining steels. 
The Jones and Laughlin Steel Corp. has produced three ‘ E ’ 
steels for which 25°, better machinability than standard 
Bessemer steels is claimed. They are low in carbon (0-06%% 
max.). La Salle Steel Co. and Joseph T. Ryerson and Son, 
Inc., have developed the lead-bearing steels Ledloy and 
La-Led, respectively.—R. A. R. 

CLEANING AND PICKLING 

Pickling Equipment for Severe Corrosive Conditions. C. B. 

Mitchell. (Iron Age, 1949, vol. 164, Nov. 3, pp. 92-93). 
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Hastelloy alloys B and C, type 347 stainless steel, and SAE 
steels 4340 and 1035 have been used in the construction of 
pickling equipment to work in sulphuric acid solutions of 
8-12°;, concentration at 160-180° F. Corrosion losses are 
slight.—s. P. s. 

Blastcleaning Stainless Steel Castings. H. Gibbs. (Metal 
Finishing, 1949, vol. 47, Dec., pp. 68-69). Four types of 
cleaning equipment for stainless steel castings are used at 
the works of the Cooper Alloy Foundry Co., Hillside, N.J. 
They comprise an enclosed cabinet with an air blast for small 
parts, a tumbling barrel, a rotating-table machine, and a 
sand-blasting room where hoses are used for large castings. 

R. A. R. 

Using Oxy-Acetylene for Straightening, Forming and 
Cleaning Structural Steel. F. H. Dill. (Lron and Steel Engineer, 
1949, vol. 26, Sept., pp. 82-84). An account is presented of 
the use of oxy-acetylene flames for removing distortions 
caused by welding, straightening, or introducing a desired 
curve in structural steel, drying preparatory to painting, and 
cleaning.—4J. C. R. 


PROTECTIVE COATINGS 


Italian Research on Electro-Deposition of Metals. R. Pion- 
telli. (Metallurgia, 1949, vol. 41, Nov., pp. 22-25). Brief sum- 
maries are presented from a selection of Prof. Piontelli’s 
papers, recently published in Italian, on his researches at Milan 
University. The field covered comprises the general electro- 
chemical behaviour of metals, their behaviour in concentration 
cells, electrodeposition of alloys, and auto-displacement of 
lead.—R. A. R. 

Electrodeposited Coatings for Atmospheric Corrosion Pro- 
tection. F. Ogburn. (Product Engineering, 1949, vol. 20, 
Dec., pp. 135-139). The corrosion resistance of steel plated 
with zine, cadmium, nickel, chromium, and copper plus 
nickel plus chromium is discussed, and the minimum coating 
thicknesses specified by the American Society for Testing 
Materials and other American authorities are given.—R. A. R. 

Technical Factors in Testing Pipe Line Coatings. D. E. 
Stearns, M. W. Belson, and R. H. Lee. (Corrosion, 1949, 
vol. 5, Oct., pp. 342-346). Electrical methods of testing 
pipeline coatings for porosity are discussed with special 
reference to the electrical requirements, generator design, and 
factors leading to the design of portable equipment which 
will produce a voltage which stays within the range of from 
10,000 to _ 000 peak volts for nearly all conditions of the 
e oating. R. 

Stainless-Clad Plates. J. Erskine. (British Steelmaker, 1949, 
vol. 15, Dec +» Pp. 9 592 596). The process developed by Col- 
villes Ltd. for producing mild-steel plates clad with stainless 
steel is described. On to one surface of a stainless steel slab 
is laid a deposit of mild steel using electrodes having good 
hot-working characteristics. The composite slab is hot rolled 
to give a plate } in. to 1 in. thick with one surface coated 
with mild steel about 0-07 in. thick. After descaling, a 
‘sandwich’ is made up consisting of two composite plates 
with stainless steel in the centre, separated by a layer of 
aluminium oxide, and mild steel on the outside, the latter 
made up to the desired thickness by additional pickled steel 
plates. The sandwich is hot rolled to weld the steel plates 
together. Finished plates are made up to $ in. thick with 
20°. of the thickness consisting of stainless — With plates 
over $ in. thick the stainless steel is generally 0-1 in. thick. 
The finished composite plates have good hanine properties 
and they can be flame cut and welded.—R. A. R. 

Automatic Control of Plating Solutions. L. Walter. 
(Machinery, 1950, vol. 76, Mar. 16, pp. 387-389). The use 
of automatic control instruments in plating shops is described. 
These instruments include automatic temperature regulators 
for maintaining the temperature of the bath constant, float 
mechanisms to maintain the bath at the correct level, con- 
trollers for the current density, pH meters, and process timers. 

R. F. F. 

Determination of Impurities in Electroplating Solutions. 
XIV. Traces of Calcium in Nickel Plating Baths. (Plating, 
1949, vol. 36, Oct., pp. 1034-1040). Continuation of a series 
of articles (see Journ. I. and 8.1., 1950, vol. 164, Apr., p. 496). 
Calcium is determined in a nickel-plating bath by first precipi- 
tating the heavy metals as hydroxides, and then separating 
the calcium from the filtrate by precipitating it as the oxalate 
at a controlled pH. The calcium oxalate is converted to 
oxalic acid, and the acid is allowed to reduce a known amount 
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of potassium permanganate. The transmittancy of the 
residual potassium permanganate solution is then measured 
using a Klett-Sommerson colorimeter with a No. 54 green 
filter. 

High Corrosion Resistance Gives Nickel Plated Metals Wide 
Range of Uses. W.H. Prine. (Materials and Methods, 1949, 
vol. 30, Dec., pp. 43-46). Examples are cited of applications 
of nickel-plated machinery parts for resisting corrosion in the 
paper and pulp, food, petroleum, textile, and plastic indus- 
tries.—R. A. R. 

The Galvanizing of Sheets and Strip by the Hot Dip Process. 
H. Edwards. (Swansea and District Metallurgical Society, 
Jan. 10, 1948, Booklet). See Journ. I. and S.1., 1948, vol. 

59, June, p. 225. 

Notes on Bright Zinc Plating with Alkaline Cyanide Baths. 
H. Offermanns. (Metalloberflache, 1949, vol. 1, Nov., pp. 
B121—-8123). The composition of alkaline cyanide baths 
for bright zinc plating and the brightening effect of organic 
compounds are discussed.—R. A. R. 

Greater Production and Improved Economy by Use of New 
Galvanizing Settings at Niles Rolling Mill. E. Boron. (Indus- 
trial Heating, 1949, vol. 16, Dec., pp. 2126-2136, 2254, 2256). 
A description is given of two new galvanizing pots at the 
Niles Rolling Mill Co., Niles, Ohio. The larger one is 12 ft. 10 in. 
long x 7 ft. 6 in. wide x 4 ft. deep. They are heated by 
natural gas burners spaced 1 ft. 6} in. apart.—n. A. R. 

Continuous Galvanising—-a Development Program. A. H.- 
Ward. (Iron Age, 1949, vol. 164, Oct. 13, pp. 74-79, 154). 
The basic requirements in commercial galvanized sheet are : 
(1) Sufficient and suitable coating ; (2) good finish ; (3) good 
coating adherence ; and (4) good mechanical properties in the 
base metal. By careful attention to surface treatment, 
especially pickling, to the preliminary annealing of the sheet, 
and to the analyses of the galvanizing bath, the continuous 
galvanizing process has been brought to the stage where 
heavy gauge sheets may be treated in coils weighing up to 
50,000 Ib.—J. P. s. 

Surface Treatment of Malleable Iron: P. Tyvaert. (Fonderie, 
1949, June, pp. 1626-1627). A brief practical note is presented 
on the tinning of malleable iron parts, such as keys, where 
the coating does not need to be so durable as that obtained 
by electrodeposition. After cleaning, the parts are placed in 
a perforated aluminium drum which is rotated half immersed 
in the tin bath. After rinsing in water the parts are dried in 
a wooden drum containing sawdust.—J. C. R. 

Speculum Coatings—A New Process of Electrodeposition. 
(Pro-Metal, 1949, Dec., pp. 538-542). It is recorded that 
there is now a process for the electrodeposition of speculum 
(Cu 55-60%, Sn 40-45%). In appearance it is very similar 
to silver plating. It has high corrosion-resisting properties 
and keeps its bright polished surface for a long time. The 
plating cost is slightly less than that for chromium on nickel 
plating.—R. A. R. 

The Functions and Uses of Hardfacing. J. J. Barry. (Steel 
Processing, 1949, vol. 35, Nov., pp. 592-595; Dec., pp. 
641-644). In the first part the advantages of hard-facing to 
prolong the life of parts are pointed out, and four forms of 
wear are considered, namely : (1) Severe impact with moderate 
abrasion, e.g., dredger bucket lips ; (2) moderate impact with 
severe abrasion, e.g., silica particles moving over a surface ; 
(3) a combination of heat, corrosion, abrasion, and impact, 
e.g., exhaust valves ; and (4) extreme abrasion. Micrographs 
of structures of hard-facing alloys deposited with an oxy- 
acetylene torch are shown. In the second part the repair of 
parts such as screw conveyors for cement, rock drill bits, 
diesel engine exhaust valves, and discs for agricultural drills 
is described.—R. A. R. 

Petroleum-Base Protective Coatings. W. H. Shearon, jun’ 
and A. J. Hoiberg. (Industrial and Engineering Chemistry, 
1949, vol. 41, Dec., pp. 2672-2679). The range of protective 
coatings manufactured from petroleum asphalt by the Lion 
Oil Co., El Dorado, Ark., and the plant and equipment of 
this company are described.—R. A. R. 

Phosphate Coating and Finishing of Tracy Kitchen Cabinets. 
(Industrial Heating, 1949, vol. 16, Dec., pp. 2202-2213). An 
illustrated description is given of the cleaning, phosphatizing, 
and stoving process at the works of the Tracy Manufacturing 
Company of Pittsburgh, where white-finish steel kitchen 
cabinets are made.—R. A. R. 
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Factors Influencing Oxidation of Iron during Firing of 
Ground-Coat Enamels. R. F. Kimpel and R. L. Cook. 
(Journal of the American Ceramic Society, 1950, vol. 33, 
Feb. 1, pp. 57-62). The oxidation of the iron beneath a 
ground-coat enamel was measured by recording the pro- 
gressive weight change with a balance on heating a specimen 
from room temperature to 1550° F. and correcting for the 
volatile constituents. The permeability of the dry enamel 
film was correlated with the variables characteristic of ground- 
coat enamel slips. Clays caused the greatest change in the 
permeability of the unfired films ; the ball clays gave lower 
permeability than the kaolin clays. The results showed that 
the permeability of the unfired coating was not an index of 
the amount of oxidation that occurred when the coating 
was fired on iron. The oxidation studies indicated: (1) A 
kaolin clay in an enamel slip allowed less total iron oxidation 
than a bail clay, since with the latter a more permeable 
coating developed between 900° F. and the fusion tempera- 
ture, which is believed to be due to either the organic material 
or the free-silica content of the ball clay ; (2) the nickel 
deposited on the iron by nickel flashing caused a decrease 
in the total amount of iron oxidation; and (3) with low- 
temperature ground coats the rate of metal oxidation was 
the same as with conventional ground coats up to the fusion 
temperature of the low-temperature enamel, but owing to 
the lower fusion temperature the total amount of oxidation 
was considerably less than with regular ground-coat enamels. 

Interim Report on the First Series of Tests on Formulated 
Priming Paints for Structural Steelwork (RJ28). (Iron and 
Steel Institute, Dec., 1946). In this report the Joint Technical 
Panel J/P1 describes the experimental arrangements for a 
first series of tests on priming paint for structural steelwork, 
and outlines plans for a second series relating to the use of 
metallic pigments and lead soaps in priming paints.—R. A. R. 

Painting of Structural Steelwork. (British Iron and Steel 
Research Association, July, 1949). The two series of tests 
with priming paints outlined in the First Report are welt 
under way and the Joint Technica] Panel J/P1 now presents 
an interim statement on the progress made. The pigment 
mixtures based on zine oxide have yielded priming paints 
giving a performance rather better than the average. A third 
series of tests on the formulation of efficient protective paints 
for metallic coatings on steel, and a fourth series on bituminous 
and tar paints are outlined.—R. A. R. 

Tests on Painted Sub-Marine Structures. G. Dechaux. 
(Ossature Métallique, 1949, vol. 14, Dec., pp. 565-574). A 
discussion is presented on the prevention by painting of 
corrosion of metals, in particular ships’ keels, which are 
partially or totalling submerged in sea water. Protection of 
immersed surfaces against fouling is also considered.—J. c. RB. 

Paints for Enclosed Structural Members in Steel Housirg 
Construction. H. A. Pray and R. 8. Peoples. (Iron Age, 1949, 
vol. 164, Oct. 20, pp. 63-70). See Journ. I. and S.I., 1949, 
vol. 163, Dec., p. 469. 


PROPERTIES AND TESTS 


Some Transverse Tests on Meehanite Iron Beams. 0. Smal- 
ley. (lron Age, 1949, vol. 164, Nov. 10, pp. 83-86). Trans- 
verse Tests on Cast Iron Beams. O. Smalley. (American 
Society for Testing Materials : Foundry Trade Journal, 1949, 
vol. 87, Dec. 8, pp. 677-683). Beams of sand-cast Meehanite 
metal were supported at the ends and loaded at two points 
each one-third of the supported length from the ends. By 
the use of wire resistance strain gauges the strain at a large 
number of points on the surface at the middle of the length 
was obtained. The following conclusions were drawn. (1) At 
moderate loads, the elastic modulus is the same in tension 
as in compression, (2) Hooke’s Law is obeyed, in bending, up 
to about 30% of the ultimate load, (3) the conventional 
theory of the bonding of a beam is correct up to a load of 
about 30% of the ultimate, (4) the strain distribution across 
a section in pure bending is not linear for loads above 30% 
of the ultimate, and (5) the neutral axis moves towards the 
compression side of the beam, by about 5°% max. of the depth 
of the beam.—,. P. s. 

A Reduction-of-Area Gage for Use at Low Temperatures. 
G. W. Geil and N. L. Carwile. (Journal of Research of the 
National Bureau of Standards, 1949, vol. 43, Dec., pp. 527- 
532). The gauge described is designed to measure the change 
in diameter of cylindrical or notched tension specimens when 
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completely immersed in a temperature-controlled bath in 
the range — 196°C. to -+ 100°C. Measurements can be 
made with an accuracy of 0-001 in. Some results obtained 
are illustrated by true stress-strain curves for annealed ingot 
iron, cold-worked nickel, and cold-worked 18/8 stainless steel 
tested in tension at — 188°C. and — 196° C.—Rr. A. R. 

Fracture and Strength of Solids. E. Orowan. (Physical 
Society, Reports on Progress in Physics, 1948-49, vol. 12> 
pp. 185-232). After enumerating the main types of fracture 
the author discusses ultimate stress and necking of tensile 
specimens, brittle fracture, ductile fractures and notch- 
brittleness, fatigue, intercrystalline fractures and fracture 
by molecular sliding, and special types of fracture.—Rr. E. 

Residual Stresses in Metals. W. M. Baldwin, jun. (Edgar 
Marburg Lecture, American Society for Testing Materials, 
1949, Reprint). The fundamental differences in the mechan- 
isms by which residual stresses are developed by cold-working 
operations such as rolling, drawing, and extrusion, by heat- 
treatment, and by casting and welding, are discussed. The 
stress distribution in bars of different shapes is shown in 
pictorial three-dimensional diagrams.—R. A. R. 

Residual Stresses in Machined Surfaces. E. K. Henriksen: 
(Transactions of the Danish Academy of Technical Sciences: 
1948, No. 7, pp. 5-94). The author has studied the stresses 
set up in the surface of steel by machining operations. Tests 
were limited to carbon steel and a few alloy steels, and the 
machining was limited to dry cutting with a single-point tool 
at low and medium cutting speeds. The principal conclusions 
are: (1) Stresses of considerable magnitude are set up, even 
when light cuts are taken ; (2) in ductile materials the stress 
induced is tensile (with the exception of austenitic manganese 
steel, when it is compressive) ; (3) in a few tests on cast iron 
the stresses were compressive ; (4) the stresses are closely 
related to the work-hardening properties of the material, and 
depend on the mechanical action of the tool rather than on 
the thermal effect of cutting ; (5) the stresses increase with 
decreasing carbon content and with decreasing cutting speed ; 
(6) the stresses are concentrated near the surface (except 
with austenitic stainless steel) ; (7) when carbon steel is cut 
with a square-nosed tool the tensile stress decreases steadily 
with increasing back-rake angle of the tool ; (8) when carbon 
steel is cut with a side-cutting tool, the tensile stress is at a 
minimum for a true-rake angle of about 18°, and it increases 
rapidly for smaller true-rake angles ; (9) decreasing the radius 
of the tool nose tends to increase the tensile stress; and 
(10) the tensile stress in ferritic stainless steel is very low and 
is less than half that in equivalent carbon steels. 

The method of determining the stresses is described and 
the calculations are explained.—R. a. R. 

Workhardening of Metals—A General Theory. A. M. Freu- 
denthal. (Journal of the Franklin Institute, 1949, vol. 248, 
Dec., pp. 523-536). Work-hardening is found to be the result 
of : (a) The increase in resistance to slip within a single crystal 
due to distortions of the atomic lattice within the slip planes 
(Taylor’s theory) ; (6) the increase in resistance to plastic 
deformation of a polycrystalline aggregate produced by the 
fragmentation, along slip planes, of crystals, and the rotation, 
elastic distortion, and bending of the crystal fragments ; 
(c) the stabilization of the fragmented and distorted crystal 
structure by a system of micro-residual stresses set up during 
unloading after fragmentation ; and (d) anisotropic change 
in resistance to plastic deformation. The mechanisms of 
dislocations and fragmentation are considered as_ being 
jointly, not alternatively, operative. A common feature of 
both mechanisms is used to develop a general function of 
work-hardening. This common feature is the dependence of 
the resistance to slip initiation within a crystal or a poly- 
crystalline aggregate, on an inverse function of a geometrical 
parameter A, which is either the range over which a dislocation 
can migrate (its ‘mean free path’), or the range over which 
slip can take place in a crystal. A can therefore be taken as 
a measure of the order of magnitude of the average linear 
dimensions of the perfect crystals or crystallites forming the 
agegregate.—R. A. R. 

Note on the Role of Rifting in Cold-Work and a Possible 
Measure of Plastic Deformation. D. P. Smith. (Journal of 
Applied Physics, 1949, vol. 20, Dec., pp. 1186-1187). There 
are many indications that the plastic deformation of crystal- 
line metallic bodies is accompanied by opening, or rifting, 
of the lattice structure. The present note deals with some 
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probable connections between rifting and deformation. It 
seems likely that minor deformations which constitute local 
rifting of a metallic lattice are the first irreversible events to 
occur during compression by an outer stress, and that their 
occurrence induces the more readily observable and greater 
disturbance, plastic deformation. The formation of rifts in 
metals which are permeable to hydrogen, merely by the 
intrusion of this element, and the occlusive capacity of metal 
for hydrogen in different temperature ranges are also dealt 
with.—R. A. R. 

The Ageing of Steel. A. Leon. (Osterreichischer Maschinen- 
markt und Elektrowirtschaft, 1949, vol. 4, Nov., pp. 405 
409). The literature on the ageing of steel is critically re- 
viewed.—-R. A. R. 

Bending of an Ideal Plastic Metal. J. D. Lubahn and 
G. Sachs. (Transactions of the American Society of Mechani 
cal Engineers, 1950, vol. 72, Feb., pp. 201—208). The stresses 
and strains in plastically bent parts have been analysed for 
the two limiting conditions of (a) a very wide plate (plane 
strain), and (b) a very narrow bar (plane stress). The complete 
solution is presented for a hypothetical metal with no strain- 
hardening, and the method is described for treating any 
actual metal. The solution was obtained by a method of 
successive approximutions, each approximation employing 
various graphical processes. The gradual change in cross- 
sectional contour with progressive bending was obtained by 
considering small successive intervals of increasing curvature. 
The final solution shows the movement of the neutral axis 
toward the compression surface, the decrease in the radial 
dimension of the part, and the gradual divergence between 
the tangential strains at the inside and outside surfaces. 
The solutions for plane stress and plane strain were nearly 
identical as regards the tangential strains and the changes 
in the radial dimension. Experimental measurements of 
surface strains and cross-sectional contour of bends con- 
formed well with the results of the calculations. 

Static Models of Dislocations. B. A. Bilby. (Journal of the 
Institute of Metals, 1950, vol. 76, Feb., pp. 613-627). A 
model is described with which various crystal lattices can be 
built. These can be deformed elastically and dislocations 
introduced. With this model the geometry of the motion and 
arrangement of dislocations of various types, and certain 
results of the elastic theory of dislocations, can be demon- 
strated. Selected examples of dislocations in a simple cubic 
lattice are considered in order to illustrate the scope and 
limitations of the model. 

Deformation Phenomena on a Cleavage Facet of Iron. 
C. A. Zapffe and C. O. Worden. (Metal Progress, 1949, vol. 55, 
May, pp. 640-641). An illustrated description is given of 
fractographs obtained when a specimen of Armco ingot 
iron din. ~ Jin. x lin. was cut from hot-rolled plate, 
annealed at 1250° C. for 2 hr., furnace cooled to prov ide a 
favourable grain-size, embrittled by pickling for 40 min. 
in 10°, sulphuric acid at 90° C., notched, and fractured with 
a hammer blow.—1J. c. R. 

How Plastic Deformation Influences Design and Forming 
of Metal Parts. J. R. Low, jun. (Materials and Methods, 1949, 
vol. 30, Nov., pp. 47-51; Dec., pp. 59-63). In Part I the 
value of using true stress-strain data in design and metal 
forming, and the influence of a number of variables on the 
beginning of plastic flow are discussed. In Part IT the effect 
of combined stresses, temperature, and strain rate on the 
plasticity of metals is dealt with, and an example is given of 
the application of the theories put forward ; this example 
relates to the ‘ dimpling’ of aluminium sheet.—R. A. R. 

Wire Strain Gauges. R. T. Budd and R. J. Parker. (Metal 
Industry, 1949, vol. 75, Dec. 16, pp. 511-514, 521). The 
preparation and use of electric resistance strain gauges are 
described and discussed, the different types and techniques 
used for tensile, fatigue, and compression tests, and for 
measuring large extensions being dealt with.—R. A. R. 

Notch Toughness of Steel Plates. D. F. Windenburg 
(Products Engineering, 1948, vol. 19, Feb., pp. 110-113). 
The special methods of tensile testing which were adopted 
to study the toughness of ships’ plate, using specimens from 
3 to 72 in. wide and } in. thick, are described. A keyhole 
type of slot was cut in the plate to produce a notch effect 
and the energy required to produce fracture at different 
temperatures was measured. The energy values for plates 
with slots terminating with large holes were much greater 
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than when the slots terminated with small holes or fine saw 
cuts. The value of these tests in studying the cause of the 
fracture of welded ships is discussed.—R. A. R. 

Fatigue Strength and Notch Coefficients of Unalloyed and 
Alloy Constructional Steels at + 20° and — 78°C. A. Pomp 
and M. Hempel. (Mitteilungen aus dem Max-Planck-Institut 
fiir Eisenforschung, No. 507: Archiv fiir das Eisenhiitten- 
wesen, 1950, vol. 21, Jan.—Feb., pp. 53-66). Specimens of 
19 heat-treated low-alloy steels were subjected to static and 
dynamic tensile tests and to tensile-compressive fatigue tests 
at + 20° and — 78°C. The alloying elements included 
chromium, nickel, molybdenum, vanadium, and manganese. 
With unnotched specimens the fatigue stress to cause fracture 
at five million reversals increased with decrease in tempera- 
ture, but with specimens with a circumferential V-notch the 
Wéohler curves for the two temperatures were similar. The 
notch coefficient increased with increasing stress reversals. 
Lowering the temperature to — 78° C. had little effect on 
the notch coefficient.—R. A. R. 

Notch Impact Strength, ‘ Time-Resistance’ and Fatigue 
Strength of Smooth and Notched Specimens under Pulsating 
Tensile Stresses. A. Pomp and M. Hempel. (Mitteilungen aus 
dem Max-Planck-Institut fiir Eisenforschung, No. 508: 
Archiv fiir das Eisenhiittenwesen, 1950, vol. 21, Jan.—Feb., 
pp. 67-76). Results of many previously reported investiga- 
tions of the fatigue strength and impact strength of steel 
have been evaluated and compared, but no basic relationship 
could be established between the results of these two types 
of test, including the ‘time resistance’ (Zeitfestigkeit = 
capacity to withstand a limited number of stress reversals 
above the fatigue strength until fracture supervenes). The 
authors report new tests on notched and unnotched chromium 
nickel steel and a chromium steel, with different heat- 
treatments to produce tough and brittle conditions, in which 
pulsating tensile stresses in the range elastic limit to tensile 
strength were applied. It is deduced from the similarity of 
the Wéhler and damage curves for the notched and the 
unnotched specimens that a steel of low notched-bar impact 
resistance can withstand this type of pulsating stress, which 
produces deformation at a slow rate, just as well as a steel of 
the same strength but of greater toughness. The notch 
coefficients for notched and unnotched specimens were also 
determined from the curves and were found to depend on 
time ; for certain ranges of the number of reversals at above 
the elastic limit the coefticient was less than one.—R. A. R. 

Static Failure and Fatigue of Steels with Particular Reference 
to Welded Structures. M. Ros. (Sheet and Strip Metal Users’ 
Technical Association : Sheet Metal Industries, 1949, vol. 37, 
Nov., pp. 2417-2426, 2440 ; Dec., pp. 2625-2658). The author 
outlines in this mathematical paper the theories of fatigue 
propounded by the L.F.E.M. (Laboratoire Fédéral d’Essai 
des Matériaux, Ziirich), considering them under the following 
headings : (1) Working loads and the danger of static failure ; 
(2) the L.F.E.M. loading theory, based on the assumption of 
a constant, resultant shear stress or constant displacement of 
the centre of gravity of a face of the inscribed octahedron 
in the elementary cube ; (3) the L.F.E.M. theory of fatigue 
for (a) smooth bodies, (6) notched bodies of definite dimensions 
and forms of riveted joints, and (c) notched bodies of indefinite 
dimensions and forms with welded joints.—n. A. R. 


X-Ray Investigations of the Behaviour of Materials unde 
Alternating Stresses. A. Schaal. (Zeitschrift fiir Metallkunde. 
1949, vol. 40, Nov., pp. 417-427). Specimens of a low-alloy 
chromium-molybdenum steel and a free-machining steel in 
a practically stress-free condition were subjected to static 
and dynamic alternating push-pull stresses. X-ray stress 
determinations were made at four successive stages of loading, 
and of the residual stresses after the tests. In static push-pull 
tests, flow was found to occur after loads of + 37 kg./sq. mm. 
as compared with 48 kg./sq. mm, for the case of a single tensile 
or compressive load. In dynamic tests greater residual 
compressive stress was found than after static tests. When 
alternating stresses had been superimposed on an initial tensile 
or compressive stress, the residual stress was reduced ; this 
stress was compressive when the initial load was in tension, 
and vice versa. Tests with light metal specimens produced 
similar results.—R. A. R. 

A Study with New Equipment of the Effects of Fatigue Stress 
on the Damping Capacity and Elasticity of Mild Steel. B. J. 
Lazan. (American Society for Metals, Oct. 1949, Preprint 
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No. 28). An illustrated description is given of the Syracuse 
rotating beam testing machine which provides a simple, 
effective method for continuously measuring damping 
capacity and dynamic modulus of elasticity during sustained 
reversed cyclic bending stress. The stress amplitude may be 
kept constant for a given specimen or a stress amplitude 
pattern may be imposed while the test is in operation. Test 
data are presented to indicate changes in damping capacity 
and dynamic modulus of elasticity of hot-rolled mild steel 
during a fatigué test. Cyclic stress below 80% of the fatigue 
limit had little effect on damping and elasticity, but stress 
applied between this ‘ cyclic stress sensitivity’ limit and the 
fatigue limit increased damping as much as 2500°% and reduced 
the modulus as much as 11°,,. Cyclic stress above the fatigue 
limit had even more pronounced effects. Consistent and 
significant patterns and trends under sustained cyclic stress 
are presented to show the relationship of damping and 
elasticity to fatigue. An analysis and correlation of changes 
in damping capacity with the changes in dynamic modulus 
is given. * Cyclic stress sensitivity ” and ‘ ultimate cyclic 
stress sensitivity ’ are defined and used in an analysis of 
dynamic ductility.—J. c. R. 

Engineering Steels under Combined Cyclic and Static Stresses. 
H. J. Gough. (Proceedings of the Institution of Mechanical 
Engineers, 1949, vol. 160, No. 4, pp. 417-440). See Journ. 
I. and S§.I., 1950, vol. 165, June, p. 244. 

Micro-Hardness Testing. E. (©. W. Perryman. (Metal 
Industry, 1950, vol. 76, Jan. 13, pp. 23-27). A diamond 
indenter for microhardness testing, based on that discussed 
by H. Lloyd and R. Jeffrey (see Journ. I. and 8.1., 1947, 
vol. 157, Oct., p. 304) and incorporating some improvements, 
is described and illustrated. Many examples of its application, 
including work on foils 0.0015 in. thick, are given.—R. A. R. 

Hardness: Its Place as a Non-Destructive Test. D. L. 
Palmer. (Non-Destructive Testing, 1949-50, vol. 8, Winter 
Issue, pp. 12-15). The value of the hardness test, and in 
particular the Rockwell impression, as an indication of the 
properties of metals is discussed. Sources of error in Rockwell 
testing are pointed out, and data are presented to show the 
decrease in hardness with decreasing diameter of specimens 
machined from the same steel.—-R. A. R. 

Embrittlement of Hardened Steels on Tempering at between 
250° and 400°C. H. Schrader, H. J. Wiester, and H. Siep- 
mann. (Archiv fiir das Eisenhiittenwesen, 1950, vol. 21, 
Jan.—Feb., pp. 21-31). The causes of the embrittlement of 
hardened and tempered low-carbon chromium—manganese 
and manganese steels observed by A. Pomp and A. Krisch 
have been studied. Fairly severe hardening was found 
necessary to produce temper-brittleness in steels with about 
0-2°, of carbon, 1-5°,, of manganese and 1-5°; of chromium. 
Quenching from just below Ac,, however, produced no 
temper-brittleness. The same minimum notched-bar impact 
value after tempering at 400° C. for up to 1 hr. was also 
obtained at lower temperatures with increasing tempering 
time. On the other hand, temper-brittleness was very marked 
after tempering at 400-500° C. for over 10 hr. The changes 
in impact strength with time and temperature are charac- 
teristic of precipitation phenomena. The embrittlement is 
scarcely noticeable in tensile tests. The phenomenon also 
occurs with steels higher in carbon. Additions of about 0-04°, 
of aluminium greatly reduce the embrittlement, and with 
about 0-1°, there is practically none. The cause is probably 
the formation of chromium or manganese nitrides. The 
addition of aluminium produces aluminium nitride which is 
insoluble in the solid solution and cannot therefore lead to 
precipitation. Tests on the influence of alloying elements 
showed that nickel steels were free from temper-brittleness, 
and additions of molybdenum, tungsten, and vanadium had 
little effect.—R. A. R. 

On Thermal Hysteresis in Irreversible Iron—Nickel Alloys. 
Y. Tino. (Journal of the Physical Society of Japan, 1949, 
vol. 4, Jan.—Feb., pp. 24-29). The nature of the transforma- 
tion in iron—nickel alloys has been studied by magnetic 
methods using six alloys covering the 5-30°% nickel range. 
Whilst the «-—« -+- y transformation proceeds easily, the 
transformation y —> « =- y proceeds extremely slowly ; when 
the nickel is increased to above 35°, this hysteresis disappears. 
To explain this, the author assumes that the free energy 
of the y phase in the « + y region is very close to that of the 
co-existent state of the two phases.—R. A. R. 
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Magnetic Saturation Intensities and Curie Temperatures for 
Some Industrial Permanent Magnet Materials. L. Ward. 
(Metallurgia, 1949, vol. 41, Nov., pp. 3-7). An investigation 
into the magnetic phases present in some permanent magnet 
steels and alloys has indicated the following points: (a) In 
alloys of the Alnico type there is a reversible phase up to 
the Curie point; and (b) the cobalt steels, as industrially 
heat-treated, contain mixtures of ‘ austenitic ’ and magnetic 
« phases. Heating causes the austenitic phase to be converted 
to the « body-centred cubic phase. The presence of a small 
percentage of non-magnetic austenite in the steels would 
seem to be normal in magnets having maximum magnetic 
energy.—R. A. R. 

_ Evaluation of Radio-Active Isotopes in Metallurgy. 
C. E. Birchenall and W. O. Philbrook. (Iron Age, 1949, vol. 
164, Nov. 10, pp. 77-82, 174). Some of the types of research 
in which radio-active isotopes may be of value are described, 
eg., diffusion experiments, oxidation studies, slag—metal 
reactions, and complications to be expected are outlined. 
The importance of safety precautions is stressed.—J. P. Ss. 

Crack Detection. (Automobile Engineer, 1949, vol. 39, 
Dec., p. 522). A new fluid for magnetic crack detection has 
been developed by Metropolitan-Vickers Electrical Co., Ltd., 
in which there is a white additive or ‘ tracer’ which retains 
its whiteness when immersed in paraffin. It is prepared by 
ball-milling a mixture of approximately equal parts by volume 
of aluminium and iron oxide before diluting with paraffin or 
methylated spirits.—R., A. R. 

Measurement of Damping by the Vibration Method. V. A. 
Zhuravley. (Zavodskaya Laboratoriya, 1948, vol. 14, May, 
pp. 614-620). [In Russian]. Some relationships between 
properties of a given material and the damping effect shown 
by a specimen are discussed and experimental results are 
given, special reference being made to steel specimens.—s. kK. 

Sensitivity and Exposure Graphs for Radium Radiography. 
H. E. Johns and C. Garrett. (Non-Destructive Testing, 
1949-50, vol. 8, Winter Issue, pp. 16-25). The radiography 
of steel using gamma rays from radium is discussed. The 
thickness of lead front screen which yields the maximum 
intensifying effect is determined, and the action of the front 
screen considered. Sensitivity curves are obtained, using a 
steel slotted-wedge penetrameter, for a number of the com- 
monly used types of X-ray film. It is shown that the thickness 
of the lead front screen which produces the maximum density 
on the film is not necessarily the most useful thickness for 
gamma radiography. The most useful thickness is determined 
from penetrameter sensitivity curves. The importance of 
these curves for routine gamma-ray testingisindicated.—R. A.R. 

Radium, Tantalum,’* and Cobalt“ in Industrial Radiography. 
J. W. Dutli, G. H. Tenney, and J. E. Withrow. (Non- 
Destructive Testing, 1949-50, vol. 8, Winter Issue, pp. 9-11). 
The use of tantalum! ? and cobalt®® as sources of radiation in 
the field of industrial radiography has been investigated and 
compared with radium. Charts showing the techniques for 
the examination of aluminium, zine, iron, tin, copper, and 
lead up to 3 in. in thickness have been prepared. The resolu- 
tion, sensitivity, and half value layers have been compared. 
It is coneluded that tantalum!*? behaves almost in the same 
manner as radium ; cobalt ®° offers better radiographic qualities 
in the case of heavier metals, while tantalum and cobalt 
give better radiographic resolutions.—R. A. R. 

Apparatus for Producing Contraction-Stress/Temperature 
Curves for Metallic Materials. H. Scholz. (Archiv fiir das 
Eisenhiittenwesen, 1950, vol. 21, Jan.—Feb., pp. 43-48). 
Contraction stresses set up when a metal cools from a high 
temperature may be undesirable, as in welding and hardening, 
or useful, as in riveting. In order to study the extent of these 
stresses and their relation to temperature, an apparatus has 
been constructed in which the specimen, suspended vertically 
in an electric furnace, has a tension bar attached to its lower 
end. This bar is connected to a worm gear driven by a motor 
provided with control devices so as to keep the gauge length 
constant as the specimen cools, while an additional instrument 
records a stress-time curve. Using a low-carbon steel speci- 
men, there was a sharp drop in the contraction stress at 
below 200° C., which did not occur with austenitic steels and 
copper. In the case of plain carbon steel made fine-grained 
by an addition of aluminium or vanadium, this reduction 
in stress was only slight. It is probably due to the disinte- 
gration of cementite at the grain boundaries.—R. A. R. 
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Recording Dilatometer for Measuring Thermal Expansion 
of Solids. J. C. Turnbull. (Journal of the American Ceramic 
Society, 1950, vol. 33, Feb. 1, pp. 54-56). A recording dilato- 
meter is described in which a resistance strain gauge is used 
to measure linear thermal expansion. The recording feature 
is obtained with a conventional potentiometer that prints 
the strain gauge output directly, together with the sample 
temperature. An accuracy of more than + 0-5% of full 
scale is attainable. 

Creep and Rupture of Several Chromium-Nickel Austenitic 
Stainless Steels. G. V. Smith, E. J. Dulis, and E. G. Houston. 
(American Society for Metals, Oct. 1949, Preprint No. 25). 
Tests were carried out at 1100°, 1300°, and 1500° F. on a 
number of chromium-—nickel austenitic stainless steels to 
obtain creep and rupture data. The nature of the micro- 
structural changes that occurred and their effect on mechanical 
properties, and the mode of fracture were also studied. The 
steels appeared to be particularly susceptible to the influence 
of structural changes on creep rate and false inferences 
regarding the true creep characteristics might be made unless 
the period of test was prolonged to several thousand hours. 
After the creep tests were completed, specimens were examined 
to determine changes in hardness, notch impact strength, and 
tensile properties. A loss in notch impact strength was 
observed in most instances. Examination of the fractured 
creep-to-rupture specimens showed that the mode of fracture 
changed gradually from transgranular at relatively low 
temperature and rapid strain rate to intergranular at relatively 
high temperature and slow strain rate.—J. Cc. R. 

The Effect of Sigma Phase on the Short-Time High Tempera- 
ture Properties of 25 Chromium-20 Nickel Stainless Steel. G. J. 
Guarnieri, J. Miller, and F. J. Vawter. (American Society 
for Metals, Oct. 1949, Preprint No. 26). In this investigation 
a 25°, chromium, 20°; nickel, 2°, silicon stainless steel was 
used and its high-temperature tensile and creep properties 
(up to 100 hr. duration) were correlated with the type and 
pattern of distribution of the sigma constituent. Three sigma- 
tized microstructures were prepared and consisted of (a) an 
acicular needle-like pattern, (6) a medium sigma particle size 
well distributed, and (c) a finely distributed sigma phase. Two 
fully austenitic structures of different grain-size were also 
tested to isolate the effect of austenitic grain-size on the high- 
temperature properties studied. While the hard sigma phase 
constituent was found to increase materially the tensile and 
yield strength properties of the chromium nickel steel up to 
temperatures of approximately 1400° F. (760° C.), a corres- 
ponding decrease in long-time creep strength properties 
occurred. This loss in creep strength under slow strain rate 
conditions was more pronounced with the more finely 
distributed sigma microstructures. The finely divided type 
of sigma structure was found desirable from the standpoint 
of minimizing room-temperature embrittlement as indicated 
by bend tests. Austenite grain-size exerted an equal or greater 
effect than sigma phase on high-temperature tensile and creep 
properties, with the finer grain-size lowering the longer-time 
creep strength and raising the short-time tensile and yield 
strength values. Sigma phase decreased room-temperature 
ductility, but increasing ductility was restored between 1000- 
1200° F. Cold working, in conjunction with the selection of 
exposure temperature, provided a flexible means of controlling 
the mode of distribution of the sigma constituent. 

Relaxation of Two Low-Carbon Steels at Elevated Tempera- 
tures. A. E. Johnson. (British Electrical and Allied Industries 
Research Association, 1949, Report No. J/T145). This report 
covers an investigation of the behaviour under conditions of 
stress relaxation of a 0-17°, carbon steel at temperatures of 
425°, 455°, and 485° C., and of a 0- 24° carbon steel at 500° C. 
It also shows how this behaviour is related to the creep 
properties of the steels. 

For these two steels, relaxation time-stress relations of the 


type 
l l 
im = A (5 = es Ss ==) 


where ¢ is time, S and S, current and original stresses, and 
m,n, and A are constants, appear to give the most satisfactory 
representation of the test results.—R. A. R. 

The Sigma Phase in Stainless Steels. D. A. Oliver. (Metal 
Progress, 1949, vol. 55, May, pp. 665-667). The author 
reviews the conditions which lead to the formation of the 
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sigma phase in stainless steels and discusses, with the aid 
of graphs, its effect on mechanical properties.—J. c. R. 


Flow of Mild Stee] in the Austenitic Range, 950°-1400°/F. 
P. Feltham. (Nature, 1950, vol. 165, Mar. 25, pp. 489-490). 
The flow of a 0-06°% carbon steel under constant stress was 
investigated over the following ranges of temperature, strain- 
rate and stress : 950° to 1400° C.; 3-5 x 10-5 to 7-0 x 10-8 
sec.; and 80 to 280 kg./sq. em. (0-5 to 2-0 tons/sq. in. 
approximately). The experiments were carried out in vacuo. 
The results obtained were interpreted on the basis of disloca- 
tion mechanisms by means of the theory of molecular rate 
processes. Satisfactory agreement for both the transient and 
the steady creep rates were obtained.—?. F. 


A Note on the Overheating of Steel. E. C. Rollason and 
D. F. T. Roberts. (Journal of The Iron and Steel Institute, 
1950, vol. 164, Apr., pp. 422-424). From existing published 
data on overheating it has been concluded that the amount 
of manganese sulphide present in a steel is an important 
criterion of the minimum overheating temperature. A new 
graphical presentation of the data shows that the overheating 
temperature is a function of sulphur content and Mn/S ratio, 
and this helps to elucidate anomalous results. 


Effect of the Bainitic Structure on the Mechanical Properties 
of a Heat-Resisting Heat-Treatable Chromium-Molybdenum 
Steel. U. Wyss. (Schweizer Archiv, 1949, vol. 15, Dec., pp. 
365-374). The effect of the bainitic structure on the mechani- 
cal properties of a low-alloy steel (C 0-15%, Mn 0-72%, Si 
0-269, Cr 1-12%, Ni 0-80°,, Mo 1-05%) at room tempera- 
ture and on the creep at 500°C. have been investigated. 
Some austenite remains after transformation into bainite and 
this persists at room temperature and even on refrigeration. 
On tempering the martensite and bainite at high temperature, 
separate carbides form and, in the 500-600° C. range, this 
leads to secondary hardness. This reaction occurs readily on 
tempering pure martensite. On tempering bainite, however, 
equilibrium between the carbides and the ferritic matrix takes 
longer the greater the dissociation of ferrite and austenite 
and the coarser the distribution of austenite and ferrite in 
the previous transformation. The bainitic structure is there- 
fore, even after tempering, not stable, to an extent depending 
on the degree of dissociation during the transformation of 
the austenite and on the number and size of the retained 
austenite particles. The result is that there is always the 
possibility, even after tempering, that carbides may be 
precipitated, and this would affect the mechanical and creep 
properties.— R. A. R. 

A Practical Evaluation of Ductile Cast Iron. T. E. Eagan 
and J. D. James. (Iron Age, 1949, Dec. 8, pp. 75-79 ; Dec. 22, 
pp. 77-82). The authors have explored the possibility of 
making iron with graphite in the spheroidal form from cupola 
iron ; with correct melting control and sufficient additions 
of the magnesium alloys supplied by the International Nickel 
Co., they were able to obtain structures containing over 95% 
of the graphite in the spheroidal condition. For test specimens, 
the l-in. keel bar was used, cast in dry-sand moulds. They 
found considerable variation in properties in the as-cast 
condition, tensile strengths varying from 72,000 to 99,300 
Ib./sq. in. (32-0 to 44-1 tons/sq. in.) ; these variations are 
due to the presence of free cementite, especially in thin sections. 
A heat-treatment consisting of quenching from 1700° F. 
(930° C.) to 1250° F. (655° C.) and holding for up to 12 hr. 
at the latter temperature usually removed this. After this 
heat-treatment, impact values were extremely high, an impact 
value greater than 120 ft.lb. on the 0-798-in. dia. test-bar 
being registered. Fatigue tests were also made on a 1-in. 
dia. test-bar having a notch of 0-050-in. depth at its centre ; 
the reduction of fatigue strength over an unnotched bar was 
found to be 18-8%, against 49° for a forged steel bar in 
similar states. Pressure tests were also carried out on specially 
made castings, and these turned out to be somewhat better 
than a special alloy grey iron, but not as good as cast steel. 
On the other hand, where a compressor head was tested which 
could not be cast at all in steel, a very satisfactory article was 
produced. Further tests were carried out on small brackets 
loaded to destruction : the load borne was 5000 Ib. against 
3500 Ib. for a malleable iron bracket, for approximately the 
same deflection at failure.—J. P. s. 

Some Engineering Aspects of Nodular Cast Iron. ©. R. 
Austin. (Iron Age, 1949, vol. 164, Dec. 1, pp. 79-85). 
Meehanite nodular cast irons may have either a pearlitic or a 
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ferritic matrix : that having a pearlitic matrix has a tensile 
strength of over 100,000 Ib./sq. in. (44-6 tons/sq. in.) and a 
Brinell hardness of 276, that having a ferritic matrix a tensile 
strength of about 80,000 Ib./sq. in. (39-3 tons/sq. in.) and a 
Brinell hardness of 180. The ferrite-matrix irons have a 
higher ductility than those with a pearlite matrix, but the 
tensile strength and ductility of the latter can be raised by 
heat-treatment ; quenching from 1600° F. (870° C.) to 600° F. 
(315° C.), followed by air cooling, has this effect. Pearlitic 
nodular cast irons have been tested for use in brake drums 
and prove very resistant to heat-checking and abrasion. 
They are also suggested for crankshafts.—J. P. s. 

Cast Iron. A. J. Caddick. (Mining Magazine, 1949, vol. 81, 
Nov., pp. 271-276 ; Dec., pp. 342-350). In the first part the 
author deals with cast irons without alloying additions. He 
recommends low total carbon and medium silicon iron for 
centrifugal pump castings, medium total carbon and low 
silicon for diesel engine cylinders and liners, and low total 
carbon medium phosphorus iron for valves, valve bodies, and 
piston rings. Iron for chilled castings and malleable irons 
is also dealt with. In the second part the properties of alloy 
cast irons are reviewed.—R. A. R. 

Development of Low Alloy High Tensile Structural Steel. 
I. M. Mackenzie and J. M. Pow. (West of Scotland Iron and 
Steel Institute, Jan., 1950, Preprint). In the development 
of low-alloy high-tensile structural steels it is essential first 
to specify the properties desired and then to develop suitable 
materials which can be produced at an economic price. The 
most important properties of structural steels are considered 
to be: (a) Resistance to plastic deformation as indicated by 
the stress/strain relationship up to about 5% strain: (6) 
resistance to rupture and the ability to relieve local stress 
concentrations ; and (c) ease of fabrication. The effect of 
composition and heat-treatment on these properties is 
discussed, with particular reference to economic considera- 
tions. The importance of basing design on a _proof-stress 
criterion in order to obtain the maximum benefit from high- 
tensile steels is emphasized. Some recent developments in the 
carbon—manganese and manganese—molybdenum types of 
steel are reviewed.—R. A. R. 

Air Hardening Tool and Die Steels. C. B. Post. (Iron Age- 
1949, vol. 164, Nov. 24, pp. 63-67 ; Dec. 1, pp. 91-94 ; Dec. 15 
pp. 91-95). Air-hardening steels may be used with advantage 
where sections are complicated and uniform through-harden- 
ing is desired ; the article describes the two main classes of 
steel for this purpose. The high-temperature group harden 
from 1750° F. (945° C.) to 1900° F. (1035° C.) and contain 
either about 1-5% of carbon and 12-5% of chromium, or 
1% of carbon, 5% of chromium, and 1% of molybdenum. 
The low-temperature group are hardened from 1550° F. 
(840° C.) to 1600° F. (870° C.) and contain, for example, 
0-70-1% of carbon, 2% of manganese, 1° of chromium. 
and 1% of molybdenum. The lower carbon grades of these 
latter steels have shock resistance superior to the higher 
carbon grades. The rates of cooling required to produce 
suitable properties are given. In the second part of the 
article, the questions of internal stress and distortion in 
hardening are considered. In the third part some applications 
are given, 7.e., brake-shoe coining dies, blanking rings, and 
draw dies for deep-drawing aluminium, piercing and blanking 
dies for use on cold-rolled steel, and a die with 1600 holes 
for punching cardboard. These applications all involved the 
risk of warpage and distortion, and uniform hardening was 
essential.—J. P. S. 

Valve Type Related to Operating Needs. N. Hoertz and 
R. M. Rogers. (SAE Journal, 1949, vol. 57, Dec., pp. 71-73). 
The alloy steels used for exhaust valves for internal combustion 
engines are discussed and their properties compared.—k. A. R. 

Metals at High Temperatures in Steam and Gas Turbines. 
J. M. Robertson. (Iron and Coal Trades Review, 1949, vol. 
159, Dec. 2, pp. 1275-1280 ; Dec. 9, pp. 1333-1338). A review 
is presented of the properties required in metals for use at 
elevated temperatures in steam and gas turbines. The 
properties of some steels at present in service for this purpose 
are outlined.—J. c. R. 

Metallurgical Considerations in the Application of Nuclear 
Energy for the Propulsion of Aircraft. W. J. Koshuba. 
(Metal Progress, 1949, vol. 55, May, pp. 635-640). The 
author outlines problems involved in the application of 
nuclear power to aircraft propulsion. Engineering and 
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physicochemical properties of materials above the normal 
temperature ranges must be determined and correlated. The 
type of thermal plant used in conjunction with a nuclear 
reactor, turbo-jet, ram-jet, rocket, or closed-cycle turbine, 
will affect the choice of materials which must meet the 
nuclear service requirements.—J. C. R. 

Corrosion and Heat Resisting Steels. ©. 8. Woodbury- 
(New Zealand Institute of Welding : New Zealand Engineer- 
ing, 1950, vol. 5, Jan. 15, pp. 57-60). The compositions and 
properties of the chromium and chromium-—nickel steels for 
resisting corrosion and heat are reviewed. The welding 
techniques for these steels are also briefly described.—R. A. R. 

Progress in Stainless and Heat Resisting Steels. L. Sander- 
son. (Engineering and Boiler House Review, 1949, vol. 64, 
Oct., pp. 322-323). Information on special steels developed 
for war purposes is being released and this paper reviews the 
properties of stainless and heat-resisting steels of actual or 
potential interest to the power engineer. New manufacturing 
processes and finishing processes, e.g., centrifugal casting of 
large stainless stee! cylinders, joining thin-walled stainless 
steel tubes and fittings by flanging and rolling, and ‘ poke’ 
welding (a modified spot-welding process) are also mentioned. 

R. A. R. 

Austenitic and Special Stainless Steels. 5. J. Rosenberg. 
(Product Engineering, 1950, vol. 21, Jan., pp. 113-117). 
The mechanical properties, microstructures, corrosion resis- 
tance, forming and fabricating properties, and compositions 
of the American stainless steels 302, 303, 304, 305, 309, 310, 
316, 321, and 347 are given.—R. A. R. 

Mechanical Properties of Stainless Steels at Subzero Tem- 
peratures. J. H. Hoke, P. G. Mabus, and G. N. Goller. 
(Metal Progress, 1949, vol. 55, May, pp. 643-648). Ten heat- 
treated stainless steels were tested to determine their tensile 
strength, yield strength at 0-2°, permanent strain, proof 
stress at 0-01°, permanent strain, percentage reduction of 
area, percentage elongation in 2 in., and notch-impact proper- 
ties at temperatures from + 212° to — 320° F. Data obtained 
are presented in graphical form. As the temperature decreased 
the tensile strength of austenitic chromium—nickel steels 
increased rapidly, yield strength and proof stress were not 
greatly affected, ductility values decreased gradually, and 
impact strength increased slightly. With ferritic chromium 
steels, tensile strength increased moderately, yield strength 
and proof stress increased rapidly and approached the tensile 
strength at very low temperatures, ductility was not affected 
by temperatures down to — 80° F. but decreased to very 
low values at — 320° F., and izod impact strengths fell to 
low values below 0° F. With martensitic chromium steels, 
tensile strength, yield strength and proof stress increased 
moderately, ductility was affected only slightly down to 
— 80° F., but decreased rapidly at very low temperatures ; 
izod impact strength decreased considerably below room 
temperature ; previous heat-treatment did not affect the 
trend of properties with temperature, but did affect the level 
of values, the harder the material the higher the strength 
values and the lower the ductility and impact values.—J. c. R. 

Stainless Steel Rivets Improve Joint Strengths in Aluminium. 
R. A. Miller. (Product Engineering, 1950, vol. 21, Feb., 
pp. 112-116). Data are presented on the strength of joints 
made with stainless steel rivets in aluminium sheet. The 
following recommendations are made : (1) Wire for stainless 
steel rivets should be annealed and contain chromium 18-20%, 
nickel 8-10°%, and carbon 0-06—-0-12°%, ; (2) after heading 
they should be sand-blasted, pickled, and cadmium plated ; 
and (3) the head should be 14 times the shank diameter. 

R. A. R. 

Open-Pit Maintenance Costs Cut with New Alloy Steel. 
(Engineering and Mining Journal, 1949, vol. 150, Oct., pp. 
87-89). The Jones and Laughlin Steel Company has developed 
a heat-treated manganese—molybdenum steel called ‘ Jalloy ° 
with very high abrasion resistance. Details are given in this 
article of its applications in open-cast mining on the Mesabi 
range where it is used for chute plates, bunkers, truck bottoms, 
mechanical shovels, ete.—R. A R.. 

Wire-by-Wire Tests of Wire Ropes. P. Teissier. (Annales 
des Mines, 1949, No. 1, pp. 25-39). Separate wires from six 
wire ropes for mine haulage, cut off near the hook, were 
subjected to tensile, torsion, and bend tests. The wires were 
tested in different lengths ; the results are presented in detail 
and illustrated by graphs. It is suggested that such tests 
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provide useful information on the homogeneity of the wires 
which is an important factor in the life of the rope, and they 
also indicate its condition.—J. c. R. 

The Correlation of Metallurgical Development and Research 
with Engineering Requirements. L. W. Johnson. (Transac- 
tions of the Liverpool Engineering Society, 1949, vol. 70, 
pp. 59-79). After giving brief particulars of a typical organiza- 
tion for metallurgical research and development, the author 
outlines some comparatively recent metallurgical problems 
and the steps taken to solve them. These include: (1) The 
development of the Nimonic alloys for gas turbine blades, 
and of alloys with good impact resistance at low tempera- 
tures for use in refining petroleum ; (2) the development of 
70/30 copper—nickel alloy with small balanced additions of 
iron and manganese for condenser tubes ; and (3) the applica- 
tion of centrifugal casting to the production of high-grade 
steel castings.— Rk. A. R. 

The Consumer Looks at Steel Specifications. M. L. Frey 
(Society for Automotive Engineers: Steel Processing, 1949. 
vol. 35, Mar., pp. 137-142). The agreements arrived at from 
time to time between the American Iron and Steel Institute 
and the Society for Automotive Engineers regarding reducing 
the number of steel specifications and their classification 
numbers are described. Standard compositions for various 
products and permissible amounts of residual alloying 
elements are discussed.-——R. A. R. 


METALLOGRAPHY 


The Practice of Electron Microscopy. (Journal of the Royal 
Microscopical Society, 1950, Series III, vol. 70, Mar., pp. 
1-141). A meeting of a group of British electron microscopists 
in 1945 agreed that a compilation should be made of the 
methods used in the practice of electron microscopy, particu- 
larly in regard to the techniques of specimen preparation. 
The present work is a revision (edited by D. G. Drummond 
for the Electron Microscopy Group of the Institute of Physics) 
of a typescript edition published in 1948 with new material 
from the literature and from conferences. 

There are ten chapters, as follows: I—General optical 
considerations ; II—Basic techniques ; I[I—Examination of 
small particles ; 1V-—Airborne particles ; V—Thin film speci- 
mens and surface replicas; VI—Micro-organisms; VII 
Biological tissues ; VIII—Special techniques ; IX—Calibra- 
tion of magnification and resolving power ; and X—Photo- 
graphic considerations. There are 22 plates and 150 references 
to the literature.—R. A. R. 

Preparation Technique for the Replica Method of Repro- 
ducing and Measuring Surface Roughness with the Electron 
Microscope. R. Seeliger. (Metalloberflache, 1949, vol. 3,.Oct., 
pp. Al81—al86). 

The Finch Electron Diffraction Camera. (Metallurgia, 1949, 
vol. 41, Nov., pp. 46-49). The Edwards diffraction camera 
described uses the cold cathode discharge as a source of 
electrons, together with the Finch H.T. circuit, because of the 
excellent performance, inherent simplicity, and reliability 
which can be obtained. The camera consists fundamentally 
of the cathode chamber assembly, the collimating and 
focusing section, the specimen section, and the camera 
chamber. A salient feature is that diffraction patterns 
obtained from specimens may be referred to comparison 
patterns obtained from standard substances the lattice 
spacings of which are already known. To facilitate this, a 
special split plate shutter has been designed so that separate 
exposures can be obtained in two independent halves, one 
from the specimen and one from the reference substance. 

R.A. R. 

Microradiography and Metals. W. Betteridge. (Metal 
Industry, 1950, vol. 76, Jan. 6, pp. 5-8). For microradio- 
graphy the prepared slice of metal, finished to a reasonable 
smoothness, is clamped firmly against the emulsion of a 
high-resolution photographic plate of the type used for 
graticule production, and is exposed to a beam of X-rays 
chosen so that the linear absorption coefficients of the con- 
stituents which it is desired to differentiate are as different 
as possible. The plate is then processed and viewed under a 
microscope by transmitted light. Magnifications up to about 
200 diameters are readily obtainable if processing is carefully 
carried out so as to avoid coarsening the grain of the emulsion. 
Microradiographs of several alloy steels are shown and 
discussed.—-R. A. R. 
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Fractographic Study of Deformation and Cleavage in Ingot 
Iron. C. A. Zapffe and C. O. Worden. (American Society for 
Metals, Oct., 1949, Preprint No. 31). The technique of fracto- 
graphy was applied to specimens of Armco iron, and the 
effects of heat-treatment, cold work, and hydrogen embrittle- 
ment were investigated. The results obtained are illustrated 
and described.—J. Cc. R. 

Electrolytic Polishing. (Metal Industry, 1949, vol. 75, 
Dec. 9, pp. 493, 501). A description is given of a Danish 
apparatus (English agents : Laboratory Equipment (London) 
Ltd.) for the rapid production of microsections. This compact 
apparatus, called the Disa-Electropol, measures 17} in. wide 

123 in. deep x 16 in. high; it is possible to complete the 
entire polishing cycle from the moment a specimen has been 
prepared by grinding a flat surface on it, until the polish is 
complete, including after-etching, washing in alcohol, and 
drying, in approximately three minutes.—R. A. R. 


X-Ray Investigations of the Precipitated Carbides in Complex 
Alloy Steels in the Annealed State. H. Krainer. (Archiv fiir 
das Eisenhiittenwesen, 1950, vol. 21, Jan._Feb., pp. 33-38). 
The carbide formation in complex alloy high-speed steels 
has been studied by X-ray determinations of the lattice 
constants. Specimens cut from very small annealed cast 
blocks were used. The tungsten and molybdenum complex 
carbides form a continuous series of solid solutions. The 
complex carbides of both tungsten and molybdenum dissolve 
chromium and vanadium so that the formula (Fe, W, Cr, 
Mo, V),C for the complex carbide in high-speed steel is correct. 
The vanadium carbide dissolves over 50 wt.-°, tungsten and 
molybdenum, but the tungsten and molybdenum combine 
with a much higher proportion of carbon in this soluble 
carbide than they do in the complex carbide. Titanium is 
not very soluble in the complex carbide, but titanium carbide, 
like vanadium carbide, dissolves large proportions of the 
molybdenum and tungsten carbides. Some tantalum—niobium 
is taken up by the complex carbide. The tantalum—niobium 
carbide also dissolves tungsten and molybdenum, but, as 
equilibrium was not obtained with these specimens, the limits 
of solubility were not ascertained. Vanadium carbide in 
chromium steels dissolves about 20—25°, chromium carbide, 
but tantalum-niobium carbide neither dissolves chromium 
nor is it soluble in chromium carbide. The carbides of 
titanium and tantalum also form a continuous series of solid 
solutions in steel. Vanadium carbide and tantalum—niobium 
carbide, however, have a wide miscibility gap as equilibrium 
is not reached. There is also a wide miscibility gap with 
titanium—vanadium carbide.—Rk. A. R. 

X-Ray Investigation of the Carbides in Tungsten, Molyb- 
denum and Vanadium Steels. H. Krainer. (Archiv fiir das 
Eisenhiittenwesen, 1950, vol. 21, Jan.—Feb., pp. 39-41). 
The results of X-ray investigations have enabled the equi- 
librium diagrams of the tungsten and molybdenum steels to 
be extended to cover the fields of the carbides (FeW),C 
and Fe,,;W,.C,, and (FeMo),C and Fe,,Mo,C,. respectively. 
The high resistance to tempering and the strength at high 
temperature are due to the carbide (FeW),C. Annealing, 
especially at high temperature, decomposes the carbide 
Fe,,;W.C, into WC and Fe,C. The composition of the vana- 
dium carbide in the vanadium steels investigated was found 
by X-ray methods to be between V,C,; and VC. These 
investigations showed that even annealing for 24 hr. was 
insufficient to obtain complete equilibrium between the carbide 
and the steel matrix.—Rr. A. R. 

The Influence of Low Percentages of Certain Elements on 
the Microstructure of Pure Iron—Carbon Alloys and Cast Irons. 
W. J. Williams. (Journal of The Iron and Steel Institute, 
1950, vol. 164, Apr., pp. 407-422). The influence of small 
percentages of sulphur, oxygen, silicon, and manganese on 
the microstructure of pure iron-carbon alloys has been 
studied. The results prompted further experiments on the 
influence of aluminium and oxygen additions to cast iron. 
Aluininium additions modified the form of the manganese 
sulphide inclusions in cast irons and pure iron—carbon— 
manganese-sulphur alloys ; vacuum melting and inoculation 
with ferro-silicon producing a similar effect. The diminishing 
effect of inoculation with respect to time was found to be 
related to a change in the form of the manganese sulphide 
inclusions. Superheating influenced the form of the manganese 
sulphide inclusions and the chilling properties of cast iron. 
Experiments on the synthetic production of cast iron from 
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pure materials are described, and further experiments were 
made to determine the influence of sulphur additions to pure 
iron—carbon-silicon alloys. It is concluded that : (i) Sulphur 
and oxygen have similar effects on the mechanism of solidifica- 
tion of pure iron-carbon alloys ; (ii) the effects of inoculation 
and superheating are probably caused by oxygen; and 
(iii) oxygen in cast irons influences the form of the manganese 
sulphide inclusions. 

Recrystallization of Pure Iron after the y — « Transforma- 
tion. G. Masing. (Archiv fiir das Eisenhiittenwesen, 1950, 
vol. 21, Jan—Feb., pp. 49-51). An investigation of the 
microstructure of carbonyl! iron after various heat-treatments 
is described. It is shown that, if severely reduced (by rolling) 
sintered carbonyl iron is cooled from the y state rapidly 
through the y — « transformation, it can then recrystallize 
in the a state. This shows that the y — a transformation 
brings the structure into a metastable condition. Changes 
in the quenching conditions affected the recrystallization in 
the manner expected.—R. A. R. 

On the Theory of Recrystallization of Cold-Worked Metals. 
R. ee mM (Journal of the Physical Society of Japan, 1950, 
vol. 5, Jan._Feb., pp. 14-17). Equations are derived for the 
rates ‘of crystal growth in the recrystallization of cold-worked 
metals.—R. A. R. 

The Extension of the Ar, Range with Carbide Formation 
in Mild Steel Due to High-Temperature Treatment. J. H. 
Whiteley. (Journal of The Iron and Steel Institute, 1950, 
vol. 164, Apr., pp. 399-405). Isolated areas containing large 
amounts of massive or free carbide seen in two mild-steel 
ingots led to some tests being made on coalescence. It was 
eventually found that when this steel was cooled slowly from 
a very high temperature, the Ar, range was widely extended 
and that the free carbide was formed directly from the 
residual austenite. The length of the extended range was 
determined by the temperature of heating above 1200° C., 
and the manganese content of the steel. As the latter was 
increased, the end of the transformation was progressively 
lowered until, with 1-5°,, of Mn, it was well below 450° C. 
When specimens were rapidly cooled to 1200° C. and then 
slowly cooled, the extension was not so great. These effects 
appeared to be confined to mild and low-carbon steels. The 
distribution of the residual austenite was always extremely 
uneven. Some of it could persist for very long periods, even 
below 550° C. When tests were reped ated on a sample, the 
quantity of carbide produced from the residual austenite 
often varied considerably, and for no apparent reason. It 
is suggested that ferrite is the active nucleus in this carbide 
formation. Lastly, the S-curve for the end of the trans- 
formation was examined. When a mild steel was slowly 
cooled from 1430° C. the part above the knee was obviously 
moved well to the right, but below that point no appreciable 
shift was observed. 

X-Rays and Microscopical Metallography. A. J. Bradley 
(Metal Industry, 1950, vol. 76, Jan. 20, pp. 49-53). A method 
for the rapid determination of ternary equilibrium diagrams 
by means of X-rays has been described previously in which 
the alloy in the powder form is examined by X-rays after it 
has been heated to a suitable temperature and then cooled 
to room temperature at 10° C./hr. Although this cannot lead 
to the construction of a true isothermal equilibrium diagram, 
it is a useful guide to the behaviour of alloys in actual practice. 
This paper reports an investigation of iron—nickel—-aluminium 
alloys which shows what such slow cooling really means in 
comparison with the true equilibrium diagram. The author 
finds the X-ray method is most useful for a rapid preliminary 
survey of an unknown equilibrium diagram in order to 
establish the number and nature of the phases present, and 
after this, the accurate and careful delineation of the phase 
boundaries in a state of equilibrium at a series of temperatures 
is most easily carried out by means of the optical microscope. 


R.A. R. 
CORROSION 


Symposium on Marine Fouling. (Transactions of the Ameri- 
can Society of Mechanical Engineers, 1950, vol. 72, Feb., 
pp. 101-144). The following four papers were presented at 
this symposium held in May—June 1949 and are now published 
with the joint discussion. 

Some Biological Fundamentals of Marine Fouling. W. F. 

Clapp. (Pp. 101-107). This paper includes a description 

of tests undertaken at Kure Beach, N.C., to determine the 
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comparative value of different degrees of chlorination on 
the life of mussels and their adherence to structures. 

Project Study for the Mitigation of Marine Fouling. I. A. 
Patten. (Pp. 109-115). An account is presented of experi- 
mental work with varying degrees of chlorination to control 
the growth of mussels in an intake tunnel to an electric 
generating station. Chlorination was found to have no 
adverse effects on condenser tubes or pump impellers. 

Control of Marine Fouling in Sea- Water Conduits Including 
Exploratory Tests on Killing Shelled Mussels. H. Ek. White. 
(Pp. 117-126). An account is given of tests undertaken to 
rid circulating water tunnels of power stations of mussels 
by chlorination, by moderate temperature elevation, or a 
combination of both. When the sea-water temperature 
reached up to 95° F. marine fouling could be controlled 
without chlorination. 

Thermal Control of Marine Fouling at Redondo Steam 
Station of the Southern California Edison Company. W. L. 
Chadwick, F. 8. Clark, and D. L. Fox. (Pp. 127-131). The 
system adopted in the cooling water tunnels at the Redondo 
Steam Station of the Southern California Edison Company 
for controlling marine fouling, mainly by mussels, is 
described. The temperature of the discharge water was 
raised to slightly over 100° F. and facilities were introduced 
for reversing the flow of water in the inlet and outlet 
conduits to keep both free from fouling.—J. c. R. 


The Behaviour of Nickel-Chromium—Iron Alloys in Carbon- 
Bearing Gases in the Range 900°-1000° C. D. M. Dovey and 
I. Jenkins. (Journal of the Institute of Metals, 1950, vol. 76, 
Feb., pp. 581-596). An investigation is reported into the 
causes of corrosion of nickel-chromium electrical-resistor 
alloys used at temperatures of 900—1000° C. in an atmosphere 
of partially burnt town’s gas. The corrosion, which is shown 
to be due to simultaneous carburization and oxidation of the 
alloy, with rapid intergranular oxidation in depth, is typical 
of that known as ‘ green rot.’ The order of attack is less in 
alloys containing iron, and the presence of approximately 
2°/, silicon in an alloy is sufficient to suppress the corrosion 
completely. The possible factors governing the corrosion 
mechanism are discussed, and the importance of the oxide 
layer as a barrier to carbon entry into the matrix is demon- 
strated. 

Corrosion at Elevated Temperatures and Pressures. M. G. 
Fontana. (Alloy Casting Bulletin, 1949, Aug., pp. 5-6). 
Extensive research on the corrosion of metals at temperatures 
up to 500° F. and pressures up to 2000 Ib./sq. in. is going on 
at Ohio State University. 
CF-8 and CF-8M stainless steels in 5°,, 20°4, and 65°), nitric 
acid are given. The 5°, and 20°, acids boiling at atmospheric 
pressure showed practically no corrosion, but quench-annealed 
CF-8 corroded at a rate of 5 in. per year at 375° F.—Rr. a. R. 


Theory of the Oxidation of Metals. N. Cabrera and N. F:- 


Mott. (Physical Society, Reports on Progress in Physics: 
1948-49, vol. 12, pp. 163-184). The authors survey recent 
theoretical and experimental work on the oxidation of metals. 
The phenomena observed are classified as follows : Formation 
of stable films at low temperatures ; region of intermediate 
temperatures : parabolic law; the parabolic law for thick 
tilms ; theory of formation of thin films ; formation of very 
thin films ; and adhesion and crystal form of an oxide film. 
R. E. 
Stress Corrosion in a Stainless Steel Compressor. I. W. 
Davis. (American Society for Metals, Oct. 1949, Preprint 
No. 27). A detailed illustrated account is presented of the 
examination of a stainless steel turbocompressor which failed 
in use. Two rotors failed completely through transcrystalline 
cracking. 


ANALYSIS 


Spectrochemical Analysis in the Testing of Materials. 
O. Werner. (Zeitschrift des Vereines deutscher Ingenieure, 
1949, vol. 91, Dec. 1, pp. 627-633). The advantages of spectro- 
graphic analysis for the rapid determination of elements in 
metals and alloys are pointed out and techniques for qualita- 
tive and semiquantitative determinations are described. 

R. A. R. 

Spectrographic Analysis of Ductile Cast Iron. J. T. Rozsa. 
(Iron Age, 1949, vol. 164, Dec. 22, pp. 73-75). The possibilities 
of using the spectrograph for the determination of the very 
small amounts of cerium and magnesium in nodular cast 
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Some results on the corrosion of 


iron are discussed. Good reproducibility is claimed at values 
less than 0-1°, magnesium.—J. P. s. 

Estimation of Tungsten and Molybdenum in High-Molyb- 
denum High-Speed Steels. B. E. Jaboulay. (Revue de 
Métallurgie, Mémoires, 1950, vol. 47, Jan., pp. 53-54). The 
method described was devised by Chatard, improved on by 
Brearley and Ibbotson, and modified by the present author 
to make it applicable to steels containing as much as 4' 
of vanadium without having to remove it beforehand. The 
molybdenum is separated from the vanadium by precipitation, 
under suitable conditions, as lead molybdate. The tungsten 
is separated from the molybdenuin (though not perfectly) 
by dissolving the two metal oxides in hydrochloric acid and 
precipitating the tungstic oxide by evaporation.—aA. E. C. 

Molybdenum Separation in Iron Alloys. R. 8. Young and 
A. Leibowitz. (Iron Age, 1949, vol. 164, Nov. 24, pp. 75-76). 
The separation of iron from other elements in chemical 
analysis is frequently carried out by extracting ferric chloride 
with ether. A great part of the molybdenum may, however, 
accompany the iron. By experiment, the authors have 
determined that, where the iron in the solution is about | g. 
to 57 mg. of molybdenum, extraction will be about 90‘ 
where the iron is above 5 g. to the same weight of molybdenum, 
the extraction will rise to 96-97°,, but this will not be 
exceeded. The presence of other elements such as tungsten, 
chromium, and manganese, reduces this.—J. P. Ss. 

The Direct Reading Analysis of 18-8 Stainless Steels. 
M. F. Hasler. (Iron Age, 1949, vol. 164, Nov. 3, pp. 96-99). 
It is generally considered that spectrographic analysis is not 
satisfactory when the content of the component being 
measured exceeds 5° By the use of a two-meter spectro- 
graph in which the spectral lines are used to operate multiplier 
phototubes, accuracy as great as that obtained in chemical 
analysis has been achieved on steels containing 18°, chromium, 
8°,, nickel, 0-67°,, manganese, and 0-52°, silicon.—J.P. Ss. 


Rationalization of the Colorimetric Method for the Deter- 
mination of Manganese. ('. M. Dozinel. (Ingénieur Chimiste, 
1948, vol. 30, Sept., pp. 83-84). Part I. Determination of 
Manganese in Nickel. (Jbid., pp. 85-94). Part II. Colorimetric 
Determination of Manganese in Most Metals and Alloys. 
(Ibid., pp. 95-109). A method is outlined in detail for the 
determination of manganese in carbon steels having a man- 
ganese content of 0-1 to 1-0°, using a Lumetron 402-E 
colorimeter. A note is included showing how the method 
can be adapted for cast irons, stainless steels, and other 
metals and alloys. Part III. Utilization of the Colorimetric 
Method in Standard Analyses. Determination of Manganese 
in Steels. (Jbid., pp. 110-114). Results obtained by this 
method, using Lumetron and Photocol 
standard steels of various countries are given.—J. C. R. 

Preparation of Cast-Iron Specimens in the Laboratory for 
Chemical Analysis. R. Villitre. (Fonderie, 1949, Aug., pp. 
1711-1713). Practical notes are given on the taking of 
drillings and chips of grey cast iron, malleable iron, and white 
cast iron, and their treatment to enable accurate chemical 
analyses to be made. J.C. R. 

The Accurate Determination of the Carbon Dioxide Content 
of Samples of Blast-Furnace Gas. H. Kallenbach. (Archiv 
fiir das Kisenhiittenwesen, 1950, vol. 21, Jan.—Feb., pp. 
13-19). The accurate determination of the CO, in blast- 
furnace gas is necessary for establishing the degree of indirect 
reduction taking place in the furnace. Proposals are made for 
reducing the errors frequently found in these CO, determina- 
tions, and suggestions for a standard method of sampling are 
put forward.—Rk. A. Rk. 

Modern Methods of Gas Analysis. W. D. Vint. (Metallurgia, 
1949, vol. 41, Nov., pp. 52-54). A description is given of the 
G.L.C. constant-volume apparatus for gas analysis which is 
based mainly on the same principle as that of the Bone and 
Wheeler gas analyser, but incorporates some modifications 
and claims some advantages over it.——-R. A. R. 

The Determination of Chromium in Chromite. Part I 
Volumetric Determination of Chromate with Special Reference 
to the Effects of Vanadate and Arsenate. W. Furness. 
(Analyst, 1950, vol. 75, Jan., pp. 2-9). Various forms of the 
titrometric determination of chromate by reduction with 
ferrous ammonium sulphate solution are considered with 
reference to their use as the final step in the determination 
of chromium in chromite. In the reduction of pure 
chromate with the ferrous solution and back-titration with 


colorimeters, on 
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permanganate solution, various redox indicators (disulphine 
blue, barium diphenylamine sulphonate, N-pheny] anthranilic 
acid, or ferroin), or no indicator at all, gave equally accurate 
results (mean error + 0-03%). Vanadic acid, but not arsenic 
acid, interferes. This interference can be avoided by use of 
nitroferroin as indicator, with higher acidity in the solution. 
In the direct titration of chromate with ferrous ammonium 
sulphate solution (standardized against permanganate and 
this against sodium oxalate or arsenious oxide) positive errors, 
e.g., 0-3%, were obtained. Satisfactory reproducibility may 
be obtained by reducing the chromate with excess of ferrous 
ammonium sulphate solution and titrating back with di- 
chromate solution. To ensure accuracy in this procedure 
potassium dichromate must be taken as primary standard, 
and the conditions specified for titration in the assay must 
be reproduced in the standardization. Vanadium, however, 
interferes. 

The Determination of Chromium in Chromite. Part II— 
Determination of Chromium in a Synthetic Sample of Known 
Composition. P. J. Hardwick. (Analyst, 1950, vol. 75, Jan., 
pp- 9-12). Four methods for the determination of chromium 
in chromite were tested on a synthetic mixture of potassium 
dichromate and ‘ mixed oxides’ equivalent in composition 
to the mineral. All the methods involved fusion with sodium 
peroxide and removal of most of the excess of peroxide by 
boiling with water, and the chromate formed was titrated 
by adding excess of ferrous ammonium sulphate solution and 
titrating back with dichromate solution. Two methods gave 
satisfactory results (within one part in 2000 of the chromium 
present) after allowance was made for the small amount of 
vanadium present ; they were selected for trial on a standard 
sample of chrome ore. The other two were more laborious 
and required amending for accurate work. 

The Determination of Chromium in Chromite. Part II— 
Determination of Chromium in a Standard Sample of U.S. 
National Bureau of Standards Chrome Refractory by Selected 
Methods. F. J. Bryant and P. J. Hardwick. (Analyst, 1950, 
vol. 75, Jan., pp. 12-16). The two selected methods, both 
involving fusion with sodium peroxide, were simple, rapid, 
and capable of giving reproducible results. In the standard 
sample dried to constant weight at 105° to 110°C. they 
indicated chromium equivalent to 36-96 and 37-03% Cr,0., 
respectively. The higher results by the second method were 
attributed to incomplete elimination of chlorine from the 
decomposition of traces of manganese dioxide on boiling with 
dilute hydrochloric acid before the chromate titration. When 
the boiling was prolonged, the second method gave consistent 
values of 36-97%. Allowing for the presence of 0-08% 
vanadium in the sample, the average results by the two 
methods were 36-92 and 36-93 compared with the certificate 
figure of 36-97% Cr.O3. 

Determination of Ferric Oxide and Titania in Presence of 
Alumina. R. T. Runnels, Marjorie G. Utter, and A. C. Reed. 
(Journal of the American Ceramic Society, 1950, vol. 33, 
Feb. 1, pp. 51-53). An improvement to the method using 
cupferron for the quantitative analysis of ferric oxide and 
titania in ceramic materials containing alumina is described. 
In place of using a separate sample for the determination of 
ferric oxide, it is carried out by titration of the combined 
oxides, after ignition, against K,Cr,0,. Titania is obtained 
by difference. Test analysis on samples from the National 
Bureau of Standards, show that the results obtained by this 
method are accurate within less than 0-1°% of the National 
Bureau of Standards recommended values for the samples. 

R. F. F. 


BOOK NOTICES 


MISCELLANEOUS 


Oxygen-Enriched Air—Thermodynamic Analyses of Pro- 
cesses for Its Manufacture. H. Bliss. (Chemical Engineering 
Progress, 1950, vol. 46, Feb., pp. 67-73). Processes for the 
manufacture of air enriched to 30, 40, and 50% oxygen by 
rectification of atmospheric air are considered. The minimum 
energy requirements for reversible separation are shown to 
be 0-174, 0-320, and 0-447 h.p./hr./lb. mole of oxygen 
contained respectively in the air enriched in the above 
proportions. These are approximately half the energy 
requirements for the dilution of reversibly produced pure 
oxygen to the above compositions. Three different processes, 
all with external purification, are analysed : (a) The cascade 
without extra air, (b) a low-pressure expander process without 
extra air, and (c) process 6 with the maximum possible extra 
air. Process c is the best and leads to energy requirements, 
for practical conditions, of 0-06, 0-071, and 0-083 h.p./hr. /Ib. 
oxygen for 30%, 40%, and 50% of oxygen respectively. 
These correspond to low efficiencies (based on reversible 
separation) and the efficiencies fall as the oxygen contents 
fall.—-. A. R. 

Tonnage Oxygen. E. L. K. Dagneaux. (Chemische Week- 
blad, 1950, vol. 46, May 6, pp. 306-307). [In Dutch]. Econo- 
mic aspects of the production of oxygen on a large scale, and 
its use for metallurgical purposes, roasting sulphides, and 
the production of synthesis gas and acetylene are discussed. 

R.A. BR. 

Elliott Oxygen Process and Impurity Removal System. 
D. B. Crawford. (Chemical Engineering Progress, 1950, 
vol. 46, Feb., pp. 74-78). A description, with flow sheets, 
is given of the Elliott process for the production on a large 
scale of 95°), oxygen.—k. A. R. 

Economics of Tonnage Oxygen Production. I. Robert=. 
(Chemical Engineering Progress, 1950, vol. 46, Feb., pp. 
79-88). The economics of a plant designed to produce 120 
tons/day of 95% oxygen by the Elliott process are studied. 
The plant is assumed to be located in the Pittsburgh area, 
using steam for the main drives, and electric power for 
auxiliaries.—R. A. R. 

The Physical Basis of Fluidisation. RK. T. Hancock. (Coke 
and Gas, 1949, vol. 11, Nov., pp. 386-388). Fluidization is 
defined as ‘‘ the production of a dispersion or suspension of 
discrete solid particles when they are subjected to the influence 
of a rising current of gas or liquid.” In this paper curves for 
the free fall of smooth spherical particles and of coal particles 
in a fluid, and the fundamental equation governing fluidization 
are presented, and used as the basis for a discussion of fluidiza- 
tion.—R. A. R. 

Metallurgical Education in Norway. A. B. Winterbottoin. 
(Metallurgia, 1949, vol. 41, Nov., pp. 42-44). After briefly 
noting the course of the development of metallurgical educa- 
tion in Norway the author gives a fairly detailed description 
of the new Metallurgical Institute now nearing completion 
at Trondheim.—k. A. R. 

Metallurgical Research in Britain. Investigations on Iron 
and Steel Products. T. Bishop and K. G. Lewis. (Iron and 
Coal Trades Review, 1949, vol. 159, Dec. 16, pp. 1381-1394 : 
Dec. 23, pp. 1445-1457). An extensive survey is presented 
of recent and current research on iron and steel products 
being carried on in British steelworks, universities, industrial 
and Government laboratories and by the British Iron and 
Steel Research Association. This review is concerned with 
the properties and behaviour of irons and steels, but not with 
manufacturing processes.—J. ©. R. 


BOOK NOTICES 


COHEN A. 
29 illustrations and 54 tables. 
hauser. (Price 46 Swiss francs) 

The Chief Chemist of the Metallwerke Refonda A.G. 
in Niederglatt (Ziirich), formerly publisher of the Helvetia 
Chimica Acta, describes selected methods of chemical 
analysis for aluminium, lead, copper, magnesium, zinc, 
and tin alloys. Both rapid works methods and laboratory 
test methods are included. In cases where the rapid methods 
are not the most accurate or where they are affected by 
rare subordinate elements, special directions are given. 

Each of the methods described was tested thoroughly 


* Rationelle Metallanalyse.”’ 8vo, pp. ix + 404. 
Basle, 1948. Verlag Birk- 
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by the author, who gives the results in detail. Quantitative 
data are given relating to adsorption, precipitation, distil- 
lation, and other sources of errors so that the analyser can 
decide whether the degree of accuracy of any given method 
is suitable for his purpose. The author explains the reasons 
which prompted him to carry out individual operations in 
a particular manner with certain reagents. The work is 
thus useful to the chemist who may be confronted with 
tasks where the usual methods of analysis are of no avail, 
e.g., where the alloy to be analysed contains a nobler 
element in abnormally high concentration which prevents 
the sample from dissolving in the prescribed reagent. 
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In such cases, the chemist must decide whether and how 
to change the normal method. As each operation is based 
on careful consideration or experience, such alteration of 
the prescribed method is risky and, whilst eliminating 
the immediately apparent sources of error, may lead to 
other errors of equal consequence. The reader can, there- 
fore, decide, after critical consideration of the author’s 
reasons for his selection of methods and reagents, whether 
he can modify a given operation for a special purpose 
without giving rise to new sources of error. 

A useful section of the book deals with such operations 
as sampling, weighing, titration, electrolysis, precipitation, 
and filtration. 

The analytical part of the book deals with each alloy 
group, subdivided into elements. Each element is dealt 
with in great detail, taking into consideration the pheno- 
mena related to the various processes of precipitation, 
inoculation, oxidation, and reduction, relevant to that 
element.—R. SEWELL. 

Cotston RersEArcH Society. ‘ Engineering Structures.” 
Pp. vill + 260. London, 1949: Butterworth’s Scientific 
Publications : Special Supplement to ‘ Research.” (Price 
25s.) 

This volume, the second in the series Colston Papers, 
contains the contributions to the Symposium on Engineer- 
ing Structures held in September 1949, in the University 
of Bristol under the auspicies of the Colston Research 
Society. An important aim of the organizers of the sym- 
posium was to direct attention to the problems of non- 
linearity in engineering structures arising, as these may, 
either from plasticity or creep of the materials of construc- 
tion, or from large deflections, either gradual or sudden, 
under load. The papers therefore bear upon individual 
aspects of this general field, ranging from the carrying 
capacity of mild-steel beams, the flexure of rectangular box 
girders, and the non-linear shortening effect of pure torsion 
to the behaviour of riveted joints under static loading 
and the effect of shrinkage on the deformation of concrete 
under static loads. While a good dea! of mathematical 
interpretation is involved in almost every paper, none of 
the work can be described as academic or unpractical, 
since it is based so largely on observation and measurement 
of real structures.—J. P. S. 

CurrRAN, 8. C. and J. D. Craces. * Counting Tubes—Theory 
and Applications.” 8vo, pp. xi 238, 119 diagrams. 
London, 1949: Butterworth’s Scientific Publications. 
(Price 35s.) 

The uses of atomic energy are becoming more widespread 
every day, and inevitably with every application, questions 
arise as to the best counter to use. This subject, therefore 
is extremely important and this excellent book satisfies 
an important requirement. 

It is intended to be useful to both undergraduate students 
who find it necessary to use Geiger counters as instruments, 
and graduates about to commence experimental work. 

The first seven chapters are devoted to theoretical 
considerations on the design, performance, and construction 
characteristics of counters. An understanding of these 
chapters gives a sound background knowledge and _ is 
invaluable to their successful utilization. 

Chapter 8 gives details of circuits for use with counters 
and forms a very valuable section. Diagrams are given, 
the majority of which show full details of resistances, 
capacities, and valves used. This practice is strongly 
recommended because the knowledge that the valve or 
component indicated is identical with one which has 
been previously used is an encouragement to make up the 
apparatus. In one or two cases the valves used are not 
specified and on Figure 56 it is unfortunate that the two 
triodes are labelled 6J7 and 6J5. The treatment of propor- 
tional counters, coincidence counters, and special counters, 
such as scintillation counters, is excellent. 

At the end of each chapter, there is a comprehensive 
list of references, so that original work may be referred to 
if required. 

Under the chapter ‘ General Applications,’ indications 
are given of the diversity of problems which may be tackled 
using radio-active materials. Applications may be large 
or small, as indicated by the detection of beetles, where 
five micrograms of radium sulphate were attached to a 
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beetle and its subterranean movements could be detected 
through 10 em. of soil.—E. W. Vortce. 


Fontaine M. “ L’Industrie sidérurgique dans le monde et 
son evolution économique depuis la seconde guerre mondiale.”’ 
8vo, pp. 398. Paris, 1950. Presses Universitaires de France. 
(Price 500 francs) 

In his preface to this work, the French President, Mon- 
sieur Lebrun, outlines the purpose of the book as follows : 
To describe the development of the iron and steel industry 
for each of the large and small producing countries ; to 
enumerate the sources of raw materials ; to recall the pro- 
ductive capacity of each country on the eve of the second 
world war; to describe new developments and improvisa- 
tions ; to consider the difficulties of reconversion following 
the cessation of hostilities ; and, finally, to consider future 
possibilities in the spheres of production, prices, and the 
economic and social structure of the industry. 

The book opens with a very brief sketch of the broad 
principles of iron and steel making, for the benefit of non- 
technical readers, and proceeds to deal with the main 
steelmaking countries. These are reviewed from the angles 
of raw materials, history, geographical distribution and 
concentration of the industry, foreign trade, and war and 
post-war developments. 

The author is apt to treat his subject from a political- 
economic point of view, and problems of technical processes 
are not dealt with. 

The third chapter is devoted to those countries having 
iron and steel industries of lesser importance, including the 
Balkans. Technical developments are not discussed, but an 
interesting survey of the organization of the industries and 
production figures is given. 

The second half of the book discusses the world market 
for steel and the movement of prices. World output figures 
are given, and the problems of excess output or under- 
consumption and some of the methods of overcoming these 
difficulties are reviewed. 

The work contains copious statistics and the reader is 
conducted through the facts and figures in a way which 
makes the book very readable.—R. SEWELL. 

HiprersoN, A. J. and T. Watson. “‘ Resistance Welding 
in Mass Production.” 8vo, pp. 278. Lllustrated, London, 
1950: Iliffe and Sons, Ltd. (Price 21s.) 

The resistance welding processes are continually finding 
new fields of application in the light engineering industries. 
In many cases the installation of one or two resistance 
welding machines in a small works does not justify the 
services of a welding engineer and the additional work is 
shouldered by a member of the existing staff. 

Under such circumstances this book would prove in- 
valuable. The authors have combined to produce a book 
which not only deals with the day to day practical problems 
involved in these assembly processes, but lucidly explains, 
in an easily understandable form, the underlying principles 
involved. 

The necessity for correct design of components and jigs 
is emphasized and in many cases illustrated with line dia- 
grams showing practical problems which have been over- 
come in the authors’ own experience. The electronic control 
of resistance welding machines from simple timing devices 
up to equipment for full programme control is also well 
described. Of particular interest are the tables of recom- 
mended machine settings, which in many cases are the re- 
sults of practical experience. Accurate machine settings are 
given for the more generally used thicknesses of mild steel. 
These include seam, projection, stud, and flash welding, as 
well as settings for spot welding mild and stainless steels 
and aluminium. 

The instrumentation of resistance welding machines 
for measuring time, current, and pressure is discussed in 
an authoritative manner. This is of particular importance 
where, with the high rates of output obtainable, a machine 
is required to alternate over several assemblies and to 
reproduce identical results after resetting. 

The design and choice of materials for resistance welding 
electrodes is a matter of considerable imporance. The 
properties of the various electrode materials are analysed 
and their application to various operations illustrated. 
The most suitable methods for welding awkward joints 
where difficulites arise in gaining access to closed-in weld 
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localities are described on general lines. It is, of course, 
impossible to cover all the eventualities that might occur. 
The selection of the process to be used is a problem which 
at some time confronts every engineer concerned with 
resistance welding. The factors which affect the final decision, 
such as the number of welds to be made on each assembly 
and the material to be used, are given as a general guide. 

Of all the processes, projection welding requires the 
most ingenuity in the design of jigs and tools. The authors 
have had unique experience in this field and the possibilities 
which this process presents are fully described. Special 
machines which have been designed for high rates of pro- 
duction are illustrated and greatly assist in showing the 
versatility of resistance welding. The economies of resistance 
welding are not overlooked and are simply outlined in a 
final brief chapter. The narrative is made more interesting 
by the inclusion of examples showing how welding has re- 
duced costs and increased production. 

Within the broad scope covered by this work, the authors 
have succeeded in covering effectively most aspects of 
resistance welding. On the whole the photographs and line 
diagrams have been well chosen to illustrate the text. 

P. M. TEeansy. 

Ker F. ‘ Hochofenschlacke.”’ (Stahleisen-Biicherei, Bd. 7). 

8vo, pp. 346. Illustrated. Diisseldorf, 1949: Verlag Stahl- 
eisen m.b.H. (Price DM 32.50) 

This book is intended to be a practical reference work 
for all those interested in the effective utilization of blast- 
furnace slags. 

A preliminary survey is made of the many commercial 
forms of blast-furnace slag. The author relates the various 
products to four basic forms obtained directly from the 
liquid slag, 7.e., air-cooled (crushed) ; granulated ; foamed ; 
and slag wool. 

After briefly describing the production of slag in the 
blast-furnace, the first part of the work discusses the 
fundamentals of silicate chemistry in so far as they are of 
importance to the subject of blast-furnace slags. 

The second part of the book deals with the production, 
properties, and uses of the various slag products. For 
convenient treatment, the chapters are arranged under the 
three main groups of rapidly cooled slags (granulated, and 
foamed) ; slowly cooled slags (crushed) ; and other products 
and applications (slag wool, fertilizers, packing materials 
in mines, glass production). 

Those sections of the work dealing with the relationships 
between the chemical composition of the slags and their 
properties in the liquid and solid states, are of special value 
to the metallurgist, whilst those sections concerning the 
workability and fabrication of slags will interest specialists 
in building materials, the glass and mining industries, and 
in agriculture. Constructional engineers, architects, and 
merchants will find many useful and practical data in the 
chapters dealing with commercial slag products and their 
effective utilization. 

The bibliography is excellently presented under the 
various aspects of blast-furnace slags. It consists of 529 
items providing a rapid reference from any given angle 
of interest. A detailed appendix of official regulations regard- 
ing these materials, including the relevant German Engineer- 
ing Standards, is given.—R. SEWELL. 


Kuincer, P. and Kocu, W. “ Beitrdge zur metallkundlichen 
Analyse.” 8vo, pp. 104; Diisseldorf, 1949: Verlag Stahl- 
eisen m.b.H. (Price DM 15.-) 

Though chemical analysis formed the basis of steel 
research up to the turn of the century, it was left to micro-, 
electro-, and radio-chemical methods to open up new 
possibilities of research, such as the reliable determination 
of the composition of individual phases in alloy and plain 
carbon steels and to enable the quantitative examination 
of reactions in solid steel to be made. Electron-microscope 
studies of electrochemically isolated structural components 
have provided further data on localized processes. 

The work is divided into three parts: (I) Methods of 
exact isolation of oxide inclusions in steels ; (II) Microscopic 
and ultra-microscopic examinations of isolated oxide 
inclusions and carbides ; and (III) spectrochemical, quan- 
titative examination of isolated oxide inclusions in steels. 

Part I is a critical'survey of the usual methods of isolat- 
ing oxide inclusions from steels, and it indicates new 
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methods which enable the inclusions to be removed cleanly 
and without being decomposed. The first stage of the isola- 
tion is based on anodic decomposition of the steels, carried 
out under special electrolytic conditions. In the second 
stage, the residue from electrolysis is subjected to a sub- 
sequent chlorine treatment at 250°C. The chlorides pro- 
duced are separated, by vacuum sublimation, from the 
remaining oxide inclusions which have not been attacked. 
Unlike the methods usually recommended, the process can 
be applied to alloy steels. The results of the methods 
described are in excellent agreement with the oxygen 
contents of the steels and with previous experience. 

Part II illustrates the new possibilities of these methods 
in the examination of oxide inclusions in ingots and wrought 
steels. Inclusions rich in MnO, SiOg, and Al,O, are considered. 
The relation between the composition of inclusions and their 
form and behaviour during the working of the steels is 
clearly illustrated by numerous photographs of isolated 
inclusions. Such studies make possible the detailed exam- 
ination of deoxidation processes. Electron microscope 
examination of lamellar and dendritic carbides gives data 
on their growth and gives rise to new possibilities of research 
into reactions accompanying the breakdown of austenite 
and martensite. 

With the object of simplifying these analytical investiga- 
tions and widening their field of application, a spectro- 
chemical method is described in Part III which permits 
rapid quantitative examination of isolated oxide inclusions. 
Micro-analysis was developed for use with quantities up 
to 10 mg., whereas with oxide isolation, the quantities 
are of the order of only 1 to 2 mg. Isolated oxide inclusions 
can be determined quantitatively much more rapidly by 
spectrochemical methods. A fusion process with borax and 
citric acid is described, wherein the SiO,, Al,O3, and the 
metal oxides of the inclusions can be dissolved and spectro- 
chemically analysed. 

The work described relates to the processes developed 
over a period of more than ten years in the Krupp research 
laboratories and further recent developments in the Max 
Planck Institut fiir Eisenforschung. 

A useful bibliography is provided, but there is no detailed 
index. The work is well illustrated.—R. SEWELL. 


Lanemurir, I. ‘‘ Phenomena, Atoms and Molecules.’ sSvo, 
pp. xi + 436. Illustrated. New York, 1950. Philosophical 
Library, Inc. (Price $10) 

The author, winner of the Nobel Chemistry Award 
in 1932 for his work on surface chemistry, inventor of the 
gas-filled tungsten lamp, pioneer in the development of 
the high-vacuum electron tube, and first to isolate atomic 
hydrogen, approaches world science in its human, socio- 
logical, and international aspects, in an attempt to interpret 
phenomena in terms of mechanisms or atomic and molecular 
reactions. 

This volume contains a collection of 20 papers comprising 
about one-tenth of those published by the author since he 
joined Dr. Whitney’s laboratory in 1909. The bibliography 
contains a nearly complete list of all the author’s papers, 
arranged in eight groups according to the main subject. 
The purpose of the Whitney laboratories was to obtain 
new fundamental knowledge in broad fields associated with 
the work of the General Electric Company. The spur to 
incentive in this particular effort of industrial research 
appears to have been curiosity, and much of the progress 
made was due to the art of profiting from unexpected 
occurrences. In his introduction, the author relates the 
connections between the discoveries and inventions made 
and the initial interest in a specific field of work. 

The first chapter deals with the philosophy of science and 
incentives. On world control of atomic energy, the author 
admits that he was over-optimistic about the Russian desire 
to co-operate. The atomic bomb tests in Mexico, he thinks, 
were the turning point in the Russian plan to co-operate 
with the scientists of the world. He thinks that the Russian 
government no longer trusted their scientists who had 
chosen to work on such subjects as the liquefaction of 
helium and the use of oxygen in blast-furnaces, and they 
were therefore no longer left in charge of their programmes. 

After the first three chapters, each of the remaining 
15 chapters sets out the author’s thoughts, observations, 
and conclusions in the form of comprehensive discussions, 
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on such subjects as surface chemistry : atomic hydrogen 
flames ; quantitative determination of the degree of the 
dissociation of hydrogen into atoms ; forces near the surface 
of molecules ; isomorphism, isosterism, and covalence : 
metastable atoms and electrons produced by resonance 
radiation in neon ; evaporation, condensation, and reflection 
of molecules, and mechanism of adsorption : and types of 
valence. 
The work is well indexed.—R. SEWELL. 


Prwowarsky, E. and A. Wirrmoser. “ Gewalztes Gusseisen.” 


8vo, pp. 130. 1st edition. Essen, 1949. Verlag W. Girardet. 
(Price DM 9.30) 

Hundreds of rolling experiments on all types of cast iron 
enabled the authors to explain the conditions under which 
cast iron can be hot worked without cracking. The mechan- 
ical properties of cast iron were considerably improved by 
hot deformation. For instance, the tensile strength of various 
cast irons was increased, by hot working, from 18-28 kg., 
sq. mm. to 85-120 kg./sq. mm. with elongations of from 
3to 10%. The authors are convinced that only a concerted 
effort on the part of industry is needed to create a new 
material having a wonderful combination of properties 
and a wide field of application. The combination of tensile 
properties corresponding to those of semi-hard steels 
with the elastic, physical, and chemical properties peculiar 
to grey iron, gives the constructional engineer a material of 
revolutionary importance for a wide field of use, including 
parts for machines, vehicles, bridges, and ships, railway 
sleepers, welded radiators, piston rings, tubing, tyres, and 
composite sheet. 

The introduction to this work deals with the history and 
development of cast iron, emphasizing the lack of ductility 
of normal cast irons at room temperature. References 
are made to the literature to illustrate the influence of 
phosphorus, silicon, and nickel, and of casting conditions 
on the compression strength of cast iron. Earlier efforts 
to trace the degree of workability of cast iron are surveyed. 

General conditions of deformation are described and the 
influence of the following factors is explained: Initial 
structure; temperature of deformation; velocity of 
rolling ; degree of deformation related to initial structure ; 
and the effects of carbon, phosphorus, silicon, manganese, 
sulphur, titanium, nickel, chromium, molybdenum, and 
vanadium. 

The next section deals with the mechanical properties 
of deformed cast irons, #.e., their yield point; hardness ; 
modulus of elasticity ; reduction of area ; bending proper- 
ties ; compression strength; fatigue; and torsion. The 
influence of structure (7.e., form of the graphite) on deform- 
ation and the possibilities of obtaining any desired structure 
by heat-treating, are discussed. 

The latter part of the work concerns the practical process 
of hot deformation of cast iron, and a diagram illustrates 
the layout required for the production of rolled cast iron. 

Earlier trials were carried out with plain rolls. Later, 
experiments were tried with grooved rolls, and the authors 
found that the alloy cast irons were even more easily worked 
in grooved rolls than in plain rolls. With the latter, it was 
‘difficult to avoid edge cracking, but this phenomenon did 
not appear when rolling with grooved rolls. The mechanical 
properties were also improved in comparison with those 
of bars rolled in plain rolls from billets cast under identical 
conditions. 

Difficult sections, including rings, were rolled. Maximum 
success was obtained with phosphorus not exceeding 0-25°%. 
The authors envisage the rolling of cast-iron rings, not only 
for small parts such as piston rings, but also for commercial 
production of tyres and for the production of tubes, even 
by the Mannesmann process. 

Experiments in the extrusion of cast-iron slugs proved 
that this type of production of cast-iron parts was technically 
a sound proposition. The possibility of forging and pressing 
was also indicated by the data on rolling obtained by the 
authors. 

Experiments in the rolling and pressing of cast iron in the 
liquid state are outlined. Reference is made to the produc- 
tion of thin cast-iron strips by pouring the molten metal 
through two rolls set at an angle of about 45°, The 
quantity of metal poured and the speed of the rolls 
are adjusted so that the resultant strip does not consist of 
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solid material throughout, but is still fluid in the centre 
with a solidified surface layer. 

Finally, a section is devoted to the universal practical 
application of hot worked cast irons (grey, white, and 
alloyed). The advantages and drawbacks of this material 
compared with steel, are stated. 

As a footnote, the authors state that they expected to 
be able to roll nodular cast iron and, indeed, recent American 
experiments have borne out their supposition that nodular 
cast iron could also be deformed by the usual plastic deform- 
ation methods. These data have, in fact, shown that the 
mechanical properties of nodular cast iron can even be 
improved by subsequent deformation.—R. SEWELI 


Tuomas, Lesuiz. “* T'he Development of Wire Rod Production.” 


4to, pp. 78. Illustrated. London, 1949. Guest Keen and 
Nettlefolds (South Wales) Ltd. (Private Circulation). 

The author deals first with the growth of the wire industry, 
noting that drawn wire, as distinct from hammered wire, 
may be as old as the XIIth century in Europe, and in other 
parts of the world of pre-Christian date. The XI Xth century 
increase in demand for wire rope, wire netting, even wire 
nails, gave a great stimulus to the wire-drawing industry 
and to the development of the wire-rod mill alike. The 
authors deals with the origin of the three-high mill in the 
early XIXth century, possibly in England, the Belgian 
invention of the looping mill, and the momentous develop- 
ment by George Bedson of the continuous mill. After 
this step forward further development came from the 
Americans, Morgan and Garnett, the latter’s contribution 
being essentially a combination of the looping and the 
continuous principles. Later developments were towards 
the continuous straight-line design, with a modern trend 
towards an individual motor for each stand. 

The author next compares the arrangement of the British 
with that of the American industry, and finds that though 
British capacity, estimated at 1,000,000 tons for 1951, 
may be only 20% of U.S. capacity, plant is more modern ; 
774°, of the British plant has been installed since 1930. 
The author also states that other countries have plans for 
the expansion of wire-rod rolling capacity, France, for 
example, proposes an output of 830,000 tons /annum. He then 
goes on to trace the trends, over recent years, both in wire- 
rod output and in total steel output : he observes that the 
ingot production planned under the European Recovery 
Programme for 1951, excluding Western Germany, is 
42,700,000 tons. Including Western Germany would bring 
this to 55,400,000 tons, and make a total of 40°, more 
than the 1948 output. As to British exports by the wire 
industry, he cannot confidently give any figure ; they will, 
he considers be determined by selling prices. To keep the 
industry fully occupied will require an export of 125,000- 
150,000 tons/annum.—4J, P. s. 


THompson, R. N. and G. Ham. ‘“ Welding Dictionary.” 


French-German-Spanish-English. 8vo, pp. 234. London, 
1950: The Louis Cassier Co., Ltd. (Price 21s.) 

The purpose of this dictionary is to enable the welding 
engineer and research worker with an average knowledge 
of another language besides his own to understand easily 
the technical publications of other countries. As is pointed 
out in the preface, the recent technical advances in welding 
have created a considerable number of words and phrases 
with specialized meanings, and it has become increasingly 
evident that there is a need for a dictionary of this kind 
to deal with these terms. 

The dictionary is divided into four parts. The first 
three parts are indexes of the terms in French, German, 
and Spanish, and they refer to the fourth part, in which the 
English terms are listed alphabetically with their equivalents 
in the other three languages. 

Naturally enough, in a dictionary of this type the number 
of words and phrases that can be given is limited (rather 
more than 2000 are actually given), and it is felt that the 
dictionary could have been made more compact and yet 
more complete if the compilers had restricted themselves 
to dealing solely with the metallurgical and technological 
aspects of welding, instead of trying to cover the wide range 
of allied fields. Consequently several important terms have 
been left out, including ‘ stress-corrosion,’ ‘ rimming steel,’ 
‘heat input,’ ‘ worm-holes’, * plastic deformation,’ ‘ root- 
penetration,’ and a number of purely welding terms such as 
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‘weld toe,’ ‘ weld axis,’ and * single-pass weld.’”? On the 
other hand, several relatively unimportant words like 
‘ wood-pulp,’ ‘ diving suit,’ and ‘ locksmith ’ have been given. 
And it is surely unnecessary to include words, like the names 
of many metals and chemicals, which are practically the 
same in each language. 

However, it is realized that no dictionary is ever complete, 
and in spite of its defects it is felt that this one will be readily 
used by the welding engineer who has to refer to foreign 
publications. 

The dictionary also includes a list of tables of useful 
metric equivalents.—G. Hinps. 


TRAUSTEL, 8S. ‘ Modellgesetze der Vergasung und Verhitttung.”’ 
Ein Beispeil fiir die Anwendung der Ahnlichkeitslehre 
auf chemische Reaktionen und ihre physikalischen Be- 
gleiterscheinungen. (Scientia chimica, Band 4). 8vo, 
pp- v + 88. Berlin, 1949. Akademie-Verlag. (Prices DM 
12.25 unbound, DM 14.50 bound). 

The many technical problems confronting the leading 


industrial countries cannot all be solved on the basis of 


existing knowledge. In many cases extensive investigations 
in the laboratory are necessary, which have sometimes to 
be followed by prolonged trials in a pilot plant, before 
the results obtained can be applied in full-scale production. 
A new technique to assist in obtaining fundamental data, 
which has already been applied to metallurgical processes, 
is the use of models. The phenomena of metallurgical 
reactions are so complicated however, that a knowledge 
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of the laws of similarity relationships is necessary before 
the results of model tests can be successfully applied to 
full-scale plant. It is this point which the author sets out 
to cover in a manner which will provide the practical 
engineer and designer with an explanation of the laws 
governing the use of models. 

Having explained the principles of similarity, the author 
discusses their application to chemical processes with special 
reference to model tests on the gasification of solid fuels 
in the gas producer and the smelting of ores in shaft fur- 
naces; in so doing he considers the charge from two 
points of view, first, as a homogeneous mass, and secondly, 
as a heap of particles. Under the first he deals with flow, 
heat transfer, material transfer, and heat exchange with 
the surroundings; and under the second with grain- 
size, specific surface, screen analyses, permeability, heat 
transfer, material transfer, and thermal conductivity. 
The properties reactivity and reducibility are precisely 
defined and given numerical values, and the method of 
determining these values, which is also based on similarity, 
is explained. 

This book thus not only provides the practical engineer 
and the chemist with lucid explanations of the similarity 
laws and the methods of applying them, but also is in 
itself a valuable contribution towards putting an experi- 
mental technique on a scientific basis. Those unable to 
follow the German text will find a condensed English version 
in the Iron and Coal Trades Review of May 27 and June 3, 
1949.—R. A. R. 
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WALTER W. STEVENSON, F.R.I.C., F.1.M., A.M.I.Chem.E. 


ALTER WILFRED STEVENSON was born in Chesterfield in 1903. He was educated 
at Chesterfield Grammar School, and later attended classes at the University 
of Sheffield, where he obtained an Associateship in Metallurgy in 1923. 


He joined the staff of the Brown-Firth Research Laboratories in 1919 and worked 
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in 1927, retaining this position until 1932 when he joined the late Dr. T. Swinden, who 
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forging, and rolling problems, and the development of stainless steels. He later 
became Chemical Engineer to the Department, concentrating on the making of coke, 
iron, and steel, and on the heavy products of the Companies. He was appointed 
Assistant Director of Research and Development in 1944. 


In 1946 Mr. Stevenson joined Messrs. Dorman, Long and Company, Limited, 
Middlesbrough, as Chief Metallurgist in charge of research and in control of all the 
laboratories at the coke ovens and the iron and steel works of the Company. 


He is the author of many technical and scientific papers, some in collaboration 
with the late Dr. Swinden, which have been published by The Iron and Steel Institute 
and other bodies, and he is joint author with Dr. E. Gregory of ‘* The Chemical 
Analysis of Metals and Alloys,’’ published in 1937. 


Elected a Member of The Iron and Steel Institute in 1933, Mr. Stevenson was 
appointed an Honorary Member of Council in 1946, as a representative of the Institution 
of Metallurgists on whose Council he also serves. 


He is Senior Vice-President of the Cleveland Scientific and Technical Institution 
and a member .of the Governing Council of the Constantine Technical College, 
Middlesbrough. He is Chairman of the Gases and Non-Metallics Sub-Committee of 
the Steelmaking Division of the British Iron and Steel Research Association, and 
a member of other committees of the Association and of the British Standards 
Institution and other national organisations. In addition to his Fellowship of the 
Royal Institute of Chemistry and of the Institution of Metallurgists he is an Associate 
Member of the Institution of Chemical Engineers. 
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